hi at special rate of postage 
oats authorized Jats 19 1918 


New York State Museum 


_ Joun M. Cxarke, Director 


iE ‘ eae IRON DEPOSITS OF 
_ SOUTHEASTERN NEW YORK 


ti i BY a Fs 


R: J. COLONY 


NOV 21 1923 


Fas ; RNa on 
PAGE | +S pace ae 
juction......:...++seee+-- 5 | Part 3: The magnetite deposits. . ALM, ie 
‘Brief. history of the study Part 4: The magnetite mines..... 74 
Tighland geology and the — Explanation of plates.........+. 127. 
Be PES | idpine voeece 7 IndeX sss. ees esceescseeeseeeeee B57 1. 
eral geologic setting.. 31 ~ 


\ 


ALBANY 
pe ‘THE UNIVERSITY OF THE STATE OF NEW YORK 
8023: 


"THE UNIVERSITY or : THE § STATE 


Regents of the University 
With years ‘when terms expire 


1906 Puy ii eccio8 US LB. I LL.D., Chancellor 


ay 


— 1924 ADELBERT Moot LL. LD. te Chancellor = 
1927 ALBERT VANDER VEER M.D.,M.A.,Ph.D. LL. D. eae 


1932 James ByRNE BASLLB. ILD. ~ i. ~— += New Yom 
1929 Hersert L. Bripcman M.A., LL.D. - -—- -- Brooklyn — 
1931 THomas J. Mancan M.A. -- - - = - =- Binghamton — 
3 1933. Wiiuiam J. Watuin M.A- - - ~ + \- — Yonkers 
1935 WituiaM Bonpy M:A., LL.B., Ph.D. - - - New York 4 
T930 WILLIAM P. Baker B.L., Litt.D. - - - - Syracuse 


President of the University and Commissioner of Education’ “Ty 


osakic P Ghaee PRD SLiteD That DA Line 


Deputy Commissioner and Counsel 


Frank ‘B. GitBert B.A., LL.D. 


Assistant Commissioner and Director of Professional Education 


-Avucustus S. Downinc M.A., Pd.D., L.H.D., LL. D. = 


a Assistant Commissioner for Secondary Education ¢ 


. _ James SULLIVAN M.A., Ph.D. : Acted 


. Assistant Commissioner for Elementary. Education ; SS ae 

e Grorce M, Wey MA, Pd.D., LL.D, 
Nabete 33 Director of State Library Satas 4 
y A ‘Janes I. Wyer M.LS., Pd. D. - aa4 
; Director of Science and State Manebnn ? = ¥ 
\ _Joun M. Crarxe Ph.D., DSc., LL, D. ic ae 
Directors of Divisions ‘ . Sh, : = 

Administration, Ltoyp L. CHENEY B.A. . 


_ Archives and History, ALEXANDER C, Frick M A. Litt, De Phil 
Attendance, JAMES D. SULLIVAN <a =4 
Examinations and Inspections, AVERY Ww. “Sree B AL a se 
Finance, Clark W. Hatripay 
Law, Irwin Esmonp Ph.B. LL.B. , 

_ Library Extension, Witt1am R. Watson B.S. 
School Buildings and Grounds, Frank H. Woop M AL Z 
School Libraries, SHERMAN Wixtiams Pd.D. 2 s ‘ =) oe 

Visual Instruction, ALFRED W. ABRAMS Ph.B. eer ee 3 

Wee Vocational and Extension Education, LEwis A. Warsow 

: . , 


The University of the State of New York 
State Museum, September 11, 1922 
Hon. Frank P. Graves 
President of the University 
SIR: 

I beg to communicate to you herewith and to recommend for print- 
ing as a bulletin of the State Museum, the manuscript and necessary 
illustrations for a report on the Magnetite Iron Deposits of South- 
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INTRODUCTION 


A belt of ancient crystalline rocks, complex in structure, origin 
and composition, extends in a general northeasterly direction from 
the Schuylkill river at Reading, Pa., across the northwestern corner 
of New Jersey and through southeastern New York, crossing the 
Hudson river diagonally between Fishkill and Peekskill into Putnam 
and Dutchess counties, New York, and extending from Putnam 
county eastward into the edge of Fairfield county, Connecticut, and 
southward across Westchester county to Manhattan island. 

This belt forms a part of the older Appalachians, and is known in 
southeastern New York and the contiguous portion of New Jersey, 
as The Highlands. Included within it, in both New York and 
New Jersey, are bodies of magnetite of considerable commercial 
importance. It is the purpose of this bulletin to review briefly the 
history of the geology of the Highlands, to present a short descrip- 
tion of the general geologic setting of these magnetite bodies in 
southeastern New York, to speculate on the origin of them, and to 
describe the ore bodies themselves from a commercial and operative 
point of view. 

Location of the Ore Bodies 

Magnetite is a very common accessory mineral in the crystalline 
rocks which form the Highlands of southeastern New York, but 
the distribution of this mineral in the form of masses of commer- 
cially valuable ore is by no means uniform. The minable bodies of 
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ore are confined to certain “ore ranges” or belts which are sepa- 
rated by large areas of barren ground. In these “ ore ranges,” or 
belts, mines have been opened in Orange county: (1) in the vicinity 
of Sterling Lake, (2) near Monroe, (3) near Warwick, (4) about 
6 miles from Fort Montgomery; in Rockland county in the vicinity 
of Sloatsburg; in Putnam county: (1) seven miles east of Cold 
Spring, (2) at Travis Corners, (3) in Sprout Brook valley, about 
1% miles west of Oscawana Corners, (4) in the vicinity of Brewster, 
(5) near Lake Mahopac; in Westchester county: (1) one-half of a 
mile southwest of Croton Falls, (2) 3 miles north of Peekskill. 
In the four counties mentioned over fifty openings have been made, 
ranging in size and importance from mere prospect pits to producing 
mines. 
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PART’ I 


BRIEF HISTORY OF THE STUDY OF HIGHLAND 
GEOLOGY AND THE MAGNETITE ORES 


The geology of the Highlands has been a subject of study and 
speculation for many years, partly because of the striking character 
and imposing grandeur of the scenery, partly because of the won- 
derfully complex nature of the rocks, and in no small degree because 
of the fascinating possibility of finding useful metals and minerals 
hidden in its formerly little-known fastnesses. 

Probably the earliest account of Highland geology was written by 
Samuel Akerly, who published in 1820 an essay of 69 pages on the 
geology of the Hudson river, illustrated by a geological cross section 
of the country from the neighborhood of Sandy Hook, N. J., north- 
ward through the Highlands in New York, toward the Catskill 
mountains. 

This was followed by a paper on the geology of the Highlands, 
written by Amos Eaton* who was connected with the military aca- 
demy at West Point. Eaton determined the “ middle portion” of 
the Highlands, for 5 miles north and south of Buttermilk falls, to 
be gneiss and granite, which were succeeded in a northerly and 
southerly direction by “ hornblende rock,’ which in turn was suc- 
ceeded by “ transition argillite.” 

One of the most illuminating of the early studies is a paper by 
Vanuxem and Keating,? who describe the rocks associated with the 
zine ores at Franklin Furnace, N. J. A correct description is given 
of the angular unconformity between the “ graywacke” (Hardy- 
ston quartzite) and the “Sienite” (Pochuck gneiss); the “ blue 
limestone” is correctly determined as younger in age than the 
“ primitive limestone ” (Franklin limestone). A cross section show- 
ing these relations adds interest to the paper. 

During the same year Pierce * mentioned iron mines that were 
being worked in the Pompton mountains of New Jersey, and 
described the rocks of the Highlands as granites and schists. The 


1Eaton, Amos. An Outline of the Geology of the Highlands, on the 
Hudson River. Am. Jour, Sci., 5 :231-35. 1822. 

2 Vanuxem, Lardner, & Keating, W. H. On the Mineralogy of Franklin, 
in Sussex County, New Jersey. Jour. Acad. Nat. Sci. of Phila., v. 2, pt 1, 
p. 277-88. 1822. 

3 Pierce, James. Geology, Mineralogy, Scenery etc. of the Highlands of 
New York and New Jersey. Am. Jour. Sci., 5:26. 1822. 
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metamorphic minerals and the limestone at Franklin and at Sparta, 
N. J., were described by Thomas Nutall,* also in 1822. 

The first substantial contribution to the geology of the Highlands 
is a report by Mather ° on the geology of the first district, including 
an appendix by Dr William Horton on -the Geology of Orange 
County, New York. 

Mather recognized the complex character of the rocks he had to 
deal with, recording his impressions as follows: “although I have 
spent twelve years of my life in the midst of the region explored 
the past season, and although in the habit of spending most of my 
leisure during that time in unravelling its complicated geological 
phenomena, I feel that I have but begun to develop these facts that 
are of high importance, not only in scientific, but in economical 
geology.” (p. 71) 

He discussed the occurrence, uses and local details of granite, 
gneiss, mica slate, quartz rock, talcose slate, limestone, “ sienite,” 
serpentine, steatite, augite rock and greenstone at some length, and 
in his description of the various magnetite bodies and the mines then 
in operation announced what is probably the earliest recorded 
opinion as to the origin of the magnetite. 

Thus, in referring to the “ Phillips vein,” in Putnam county, he 
says: “ The phenomena of the mines in many places induce the 
idea of igneous injection, connected with a powerful upheaving 
force. The feldspar is often pearly, wrinkled, and with bent lamine. 
The appearance of hyalite, a mineral usually associated with vol- 
canic and trap rocks; the apparent injection in their veins among 
the seams and crevices of the rocks; the appearance of the softening 
of the gneiss and bending its layers like a flowing slag, seem to 
point to an igneous origin of this vein.” (p. 114, footnote) 


In the appendix to this report Doctor Horton discussed the char- 
acter and distribution of the “ primitive” and other rocks in Orange 
county; a list of the various iron mines in operation is given, and 
also a very complete statement of all the different minerals observed 
during his geological studies, and their localities. 

While Mather’s report contains much of interest and importance, 
it is somewhat incoherent and disconnected in the treatment of the 
geology of the Highlands as a whole. The first consecutive and 


4Nutall, Thomas. Observations and Geological Remarks on the Minerals 
. Paterson and the Valley of Sparta, New Jersey. Am. Jour. Sci., 5: 230. 
1822. 

5 Mather, W. W. Third Annual Report on the Geology of the First 
Geological District of the State of New York, 1830. 
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detailed description of Highland geology appeared in a final report 
of the geology of New Jersey, by Henry D. Rogers,® who was then 
state geologist. 

In that portion of the report dealing with the primary rocks, the 
gneisses are described as folded and metamorphosed sediments, and 
the northeast-southwest ridges are judged to be anticlinal folds. He 
likewise speculated tentatively on the origin of the magnetites, which 
he conceived to have been derived from igneous sources. ‘ The 
several circumstances here spoken of in the structure of these metal- 
liferous veins, seem strongly to imply that they are real veins of 
injection, and not true beds, contemporaneous with the adjoining 
gneiss, as some have supposed.” (p. 22) 

Rogers further remarks that the gneiss inclosing the magnetite 
bodies was probably steeply dipping before the “intrusion” of the 
veins: “for it is inconceivable how a forcible injection of fluid ore 
could enter a series of beds, lying in a horizontal position, without 
in some cases causing and occupying fissures transverse to the 
strike of the strata.” (p. 36) 

He also observed that the ore is confined exclusively to the “ pri- 
mary” (Precambrian) rocks and correctly concluded that the for- 
mation of the magnetite bodies preceded the deposition of the Paleo- 
zoic strata. 

In 1843 appeared those classic volumes issued by the State of New 
York, entitled “ Natural History of New York.” In part I of this 
series, comprising the “Geology of the First Geological District,” 
Mather,’ under the head of “ Metamorphic rocks,” described: “ such 
rocks of the first geological district as have not yet been described, 
and of which there is demonstrative evidence, or such as renders it 
highly probable, that they were originally sedimentary rocks but 
have since been altered in their character, so as to change them into 
such rocks as have usually been called primary.” (p. 439) 
He did not include in this class granite, gneiss, hornblendic gneiss, 
“ sienite,’ or the plutonic rocks generally; these he discussed in 
another chapter under the head “ Primitive rocks;”’ he did include, 
however, “ talcose slate” of Annsville and Gallows Hill (Hudson 
river phyllite) ; “granular quartz rock” (Poughquag quartzite), and 
the crystalline limestones of Putnam, Westchester, New York, Rock- 
land, and Orange counties, and concluded that the crystalline lime- 


6 Rogers, Henry D. Final Report on the Geology of the State of New 


Jersey, p. 12-43. 1840. . : as ; 
Mather, W. W. Geology of the First Geological District, Natural History 


of New York, 1843. 
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stones of Dutchess, Putnam, Westchester and New York counties 
are the metamorphosed equivalents of Cambro-Ordovician lime- 
stones: “After reviewing all the facts observed by others and 
myself, I have been led to the conclusion, that the limestones that 
are frequently crystalline, white and variegated marbles in the west- 
ern parts of Vermont, Massachusetts and Connecticut, and in the 
eastern part of New York, from Mount Washington to the “ City 
of New York . . . ARE METAMORPHIC ROCKS; that they were 
originally the Mohawk limestone and calciferous sandstone.’ (p. 
464; italics are Mather’s.) 

This statement of Mather’s is probably the first recorded attempt 
to correlate the unmetamorphosed Cambro-Ordovician limestones 
(Wappinger) of the area just north of the Highlands with the highly 
metamorphosed, crystalline limestones of Putnam, Westchester and 
New York counties; an error in correlation that persists even to 
the present day. 

The 12 years succeeding the publication of Mather’s report were 
barren with respect to literature on the geology of the Highlands. 
In 1855, however, William Kitchell, who succeeded Rogers as state 
geologist of New Jersey, published his first annual report * in which 
the physical geography and the geology of Sussex county, New 
Jersey, is briefly discussed, and a few of the local occurrences of 
magnetite are described. He merely mentions the metamorphic 
rocks, calling them gneiss, hornblende slate and crystalline lime- 
stone, without further comment, and disposes of the igneous rocks 
just as briefly. Kitchell’s second report,® however, is much more 
comprehensive, especially with respect to the occurrence of the 
magnetite deposits and the description of the mines then in opera- 
tion. He did not speculate on the origin of the magnetite, but he 
did state very definitely that: ‘ The geological formation of the 
highlands . . . is composed of sedimentary rocks . . .” 
(that is, metamorphosed) which he divided into gneiss, various 
schists and crystalline limestone. 

In his third annual report *® Kitchell discussed the different ways 
in which magnetite ores occur in the district, and concluded that 
the magnetite ores were metamorphosed sediments, contemporaneous 
in origin with the rocks in which they occur. An opinion which 


8 Kitchell, William. First Annual Report of the Geological Survey of New 
Jersey for 1854; p. 28-38, New Brunswick, 1855. 

®Kitchell, William. Second Annual Report of the Geological Survey of 
New Jersey for 1855; New Brunswick, 1856. 

10 Kitchell, William. Third Annual Report of the Geological Survey of 
New Jersey for 1856; New Brunswick, 1857. 
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was very prevalent at that time, and one which has been subscribed 
to by most geologists who have followed Kitchell. 

The geological survey of New Jersey was discontinued at the 
beginning of 1857; from that time until its revival in 1864 geological 
work was at a standstill in that state. Nor is there any record of 
activity in Highland geology in the State of New York during that 
interval, with the exception of a short paper by Credner ™ which 
is devoted chiefly to a description of the geology of Manhattan 
island and vicinity. Credner, however, imagined that the rocks from 
Manhattan island to Peekskill and beyond were a transitional series, 
and thought he could trace the gradual changes from the “ gneiss ” 
(that is, the Manhattan schist) on Manhattan island, to hornblende 
gneiss, hornblende schist, to syenite, and “ hypersthenite.” No such 
gradations exist, nor was Credner’s work ever taken very seriously 
by American geologists. 

The legislature of the state of New Jersey made the necessary 
appropriations for the continuance of the survey in 1864, and in 1868 
the final report of Dr George H. Cook,’® the state geologist, was 
published. A considerable portion of this report is devoted to a 
description of the magnetite mines of the state. Doctor Cook drew 
largely on the previous work of Kitchell and quoted him at length. 
He agreed with Kitchell that: “ . . . everything in structure, 
position, and attendant minerals, shows that the ore is in sedimen- 
tary beds, the same as the gneiss is.” (p. 533) 

There is, however, in this report, a much better and more sys- 
tematic discussion of the geology of the “Azoic formation” (Pre- 
cambrian crystallines) of the Highlands area than had heretofore 
appeared, and mention is made of folds which affected the ore beds 
in some of the mines. 

Most of the succeeding work on the Highlands geology from 
this time centered on the magnetite deposits. The sedimentary 
origin of the ore beds was considered fully established by all 
geologists, so that their efforts were directed principally toward the 
recognition of some constant relation between the ore bodies and 
their containing rocks, and to detailed descriptions of the iron mines. 
The only new observation of moment is recorded in the Annual 
Report of the State Geologist of New Jersey for 1872"* wherein 
Smock, the assistant state geologist, referring to prospecting opera- 


11 Credner, Herman. Geognostiche Skizze der Umgegend Von New York: 
Zeitschr. Deuts. Geol. Gesell., p. 388-08. 1865. 

12 Cook, George H. The Geology of New Jersey; Newark, 1868. 

18 Annual Report of the State Geologist of New Jersey, 1872. 
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tions which were being conducted near Hackettstown, says: “‘ Ore 
has been uncovered in many places, but in most instances it has been 
found as a constituent mineral of granitic and syenitic dykes — more 
rarely in gneissic strata.” (p. 17) 

Smock thought that while such rock masses might be closely 
related to ore beds, it was improbable that they would lead to beds 
or veins of commercial value; the significance of their occurrences 
totally escaped him, for, in the following year, in the report for 
1873,'* he says: ‘“‘ The greater portion of the Azoic rock is syenttic 
gneiss, being composed of crystalline grains of quartz, feldspar and 
hornblende, like syenite, and being stratified like a true gneiss” 
p. 17), and as to the origin of the rocks of this formation he says: 
“The rocks of this (Azoic) formation are now conceded by all 
geologists to be of sedimentary origin. They were originally de- 
posited from water as sand, earth, clay, shells, and corals or marls, 
and oxide of iron.” (p. 19) 

Very little of additional interest or importance was contributed to 
the literature on the geology of the Highlands until 1880; and indeed, 
so far as the Highland area in southeastern New York is concerned, 
a literary hiatus exists between Mather’s last report in 1843 and the 
Tenth Census report of 1880.° This report, covering both coal and 
iron, was issued by the Department of the Interior, and contains the 
results of “special investigations into the iron resources of the 
Republic.” B. T. Putnam was the author of that portion of the 
report dealing with the iron-ore mines of New York. Putnam con- 
fined himself to a discussion of the operation, production, location, 
quality of the ore and extent of workings of the mines then operating, 
with but brief reference to the forms of the ore bodies and the nature 
of their associated rocks. He did not speculate on the origin of 
the magnetites and did not discuss the general geology of the area 
in which they occur, as indeed this phase of the situation was 
beyond the scope of his paper. While the Tenth Census report bears 
the date of 1880 it did not see the light of day until 6 years later; 
in the meantime James D. Dana,*® who had been making a lengthy 
study of Green Mountain geology, extended his investigations into 


14 Annual Report of the State Geologist of New Jersey for 1873. 

15 Report on the Mining Industries of the United States. Tenth Census, 
1880. The Tenth Census report was not published until 5 or 6 years after 
the census year, however. 

16 Dana, James D. Geological Relations of the Limestone Belts of West- 
chester County, New York. Am. Jour. Sci, 3d ser., 20: 21-32, 194-220, 
450-56, 1880, Idem. 21: 425-43, 1881, and 22: 103-19, 313-15, 327-35, and 
appendix, 1881. 
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Westchester and Putnam counties in southeastern New York, with 
the idea of determining the limits of the series of rocks associated 
conformably with the limestone of the Green Mountain region. 
Since the fossils of the limestone had been found only in Vermont, 
Dana, in order to extend his conclusions to the rest of the Green 
Mountain region, thought it necessary to prove that the Vermont 
limestone must be the same stratigraphically as the limestones of the 
region to the south. Dana spent over 2 years in the study of this 
area, nor were his studies confined to the limestones of the region; 
they embraced the gneisses and schists as well, and included a dis- 
sertation on the Cortlandt series of basic eruptives near Peekskill. 

His views are set forth in a series of papers entitled ‘“ The 
Geological Relations of the Limestone Belts of Westchester County, 
New York,” appearing in the American Journal of Science during 
1880 and 1881 (op. cit.). That so brilliant a geologist as Dana 
should arrive at such a remarkable conclusion with respect to the 
origin of the Cortlandt series, namely, 

“They appear to sustain fully the following conclusions: 

“(1) These rocks, although they include soda-granite, noryte, 
augite-noryte, dioryte, hornblendyte, pyroxenyte, and chrysolitic 
kinds, are not independent igneous rocks erupted from great depths. 

“(2) However complete their former state of fusion or plasticity 
may have in some cases been, they are metamorphic in origin. 

“(3) The strata that underwent the metamorphism were one in 
series and conformability with the adjoining schists and limestone, 
and were part of the Westchester limestone series.’ (op. cit., 20 
p. 219), may have been due to preconceived conclusions overriding 
observed field relations. Dana evidently was somewhat doubtful of 
his own interpretation, however, for in a succeeding paper (op. 
cit. 22, p. 103-19) he again discussed this same series of igneous 
rocks and commented on three possible sources of the clastic material 
which he thought made up the “ original beds PVA pak TOs ies) 
detritus from the Archean highlands; (2) igneous eruptions, afford- 
ing volcanic or igneous débris, in addition to ejected liquid rock, 
and along with more or less Archean detritus ; (3) detritus from the 
Highlands, supplemented by ingredients from the ocean.’ Con- 
cluding, finally, that after a survey of the facts, the massive 
structures and crystalline characters of the rocks of the Cortlandt 
series, and the presence among them of hornblendic and augitic 
kinds containing soda-lime feldspars, and of even olivine-bearing 
basic rocks, should not militate against his previous conclusion, 
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namely, that the Cortlandt series of rocks were metamorphosed 
limestones. 

Dana subsequently revised his opinion of the origin of some of 
these rocks, however. New and better exposures in a cut made 
through the rocks at Stony. Point for the West Shore Railroad, then 
under construction, afforded opportunity for a more critical study. 
After inspecting the rocks thus exposed, Dana conceded that while 
the facts proved the hornblende rock and the related augite rock to 
be eruptive, they threw no new light on the origin of the soda 
granite. He had in the meantime completed his work on the lime- 
stones of Westchester county and after taking into consideration all 
the facts as they appealed to him, and which are so excellently pre- 
sented in the series of papers mentioned, felt justified in making the 
following statements (op. cit. 20, p. 371.): “ The limestones and 
adjoining schists of Westchester county: (1) are one in series and 
system of disturbance (this observation is correct, but his age-corre- 
lation is incorrect), (2) are probably part of the Green Mountain 
system, (3) are younger than the Highland Archean, (4) are prob- 
ably of the age of the Lower Silurian.” 

In support of the above statements Dana offered as evidence the 
condition and position of the slightly crystalline limestone and con- 
tiguous fine sericitic phyllite (Annsville phyllite) at the mouth of, 
and along Peekskill creek; he remarked that both rocks are like the 
rocks of Dutchess county (Hudson River slates and Wappinger 
limestone), and unlike anything else found in the “ Highland 
Archean,” but he failed to recognize the fact that while the limestone 
and phyllite at Annsville are in truth Cambro-Ordovician sediments, 
they represent an infaulted block of these sediments and should not 
have been connected with the highly metamorphosed crystalline 
limestone and schists of the Highlands area at all. Dana thus 
confirmed Mather’s earlier opinion in regard to the age of the 
crystalline limestones and the schists of the Highlands area in 
southeastern New York, the weight of his authority inducing other 
workers in the same field to accept his views ** which were not 
questioned until Berkey *® in 1907 first called attention to the 
infaulted block of Cambro-Ordovician sediments in the Highlands 
complex in the vicinity of Peekskill, and suggested that field relations 


17—Dana, James D. Note on the Cortlandt and Stony Point Hornblendic 
and Augitic Rock. Am. Jour. Sci. 3d ser., 28: 384-86. 1884. 

18 See especially New York City Folio 83, WASiGy Ss: 

19 Berkey, C. P. Structural and Stratigraphic Features of the Basal Gneisses 
of the Highlands. N. Y. State Mus. Bul. 107. 1907. 


2 1} (I HU UM MMjttwt[JjtwttwtwtwtttHii << ss » ss... =—————-,,////sssssssssnssssssssnsnssnsnsnnescecssensnnenes 


MAGNETITE IRON DEPOSITS OF SOUTHEASTERN NEW YORK 15 


seemed to indicate that the crystalline limestones and schists of the 
Highlands might be Precambrian in age, and that they were not 
necessarily the highly metamorphosed equivalents of Cambro- 
Ordovician rocks at all. 

During the years 1883 to 1886 the Geological Survey of the State 
of New Jersey 2° undertook a systematic study of the geology of the 
Highlands region within the borders of that state. In the annual 
report for 1883 the facts then known were assembled and summar- 
ized as an introduction to the more extensive and detailed studies 
which were made later by F. J. H. Merrill and N. L. Britton. 

In this report the geographical extent, surface features and rocks 
of the Highlands of New Jersey are rather briefly described, but the 
structure is discussed at some length, the authors referring particu- 
larly to dip, strike, pitch, folds and faults, and mentioning in con- 
nection with the ore, such structures as pinches, shoots, bottom rock 
and cap rock. The authors accept a hydroclastic origin for the 
magnetites, however, as it is stated (p. 35) that “the magnetic 
iron-ore beds partake with the associated gneissic strata of all the 
essential and accidental features or elements belonging to stratified 
rocks. They possess dip, strike and pitch, and are folded, faulted 
and pinched as other rocks about them. Lamination, cleavage and 
jointing are also observed, though much more rarely. Hence, when 
viewed in connection with the associated stratified rocks, the con- 
clusion is unavoidable that they were deposited as sediments and are 
of the same age with them.” 

Britton and Merrill struggled with the complexities of Highlands 
geology for the succeeding two years without adding much to the 
knowledge of it. In the report for 1885 they classified all the 
crystalline rocks of the Highlands area as Archean, but were unable 
to make any further subdivisions. The ores were regarded as of 
sedimentary origin and contemporaneous with the inclosing gneisses. 
In order to explain the presence of hornblende, pyroxene, biotite, 
epidote, apatite and other like minerals in the ore bodies it was 
conceived that ‘“‘ considerable segregation’ accompanied the meta- 
morphosing processes, with “intense chemical action” during the 
formation of the magnetite. 

Doctor Britton continued the work during the following year, 
and for purposes of classification divided the rocks into (1) a 
massive group, in which he included those massive types with little 


20 Annual Report of the State Geologist for 1883, p. 27-77. Idem 1884, 
p. 57-69; 1885, p. 36-55; 1886, p. 70-112. 
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apparent “bedding,” but which showed a “lamination or parallel 
arrangement of the crystals indicative of some phase of sedimentary 
origin”; and (2) an iron-bearing group, in which he placed the 
various types of rock more or less closely associated with the iron- 
ore; and finally, (3) a gneissic and schistose group, in which he 
included the rocks with distinctly banded and foliated habits. A 
detailed discussion of the various groups and of their structure, with 
notes on the lithology, is included in this report, which is well 
illustrated with cross sections, maps and diagrams. 

The magnetite mines of southeastern New York had never been 
so carefully studied or so well described as those in the Highlands 
of New Jersey, although several were in successful operation. 
Wendt’s ** brief: description of the mines of Putnam county, New 
York drew some attention to the district, and it was about this time 
also that the Tenth Census report, previously referred to, appeared 
in print. 

Wendt ” discussed the general characters of the ores, the methods 
of mining and the production, and gave outline diagrams of both 
the Mahopac and Tilly Foster ore bodies, showing the offset in the 
latter at the 110-foot level produced by faulting,?* but beyond a 
statement that “ geologically the occurrence of the ore is a counter- 
part of that of the New Jersey and Lake Champlain magnetites,” 
no hypothesis as to origin was ventured. Ruttman,?* however, was 
very much more specific in his statement, for he said, ‘“ The ore- 
body at Tilly Foster is without doubt a bed, the ore having been 
deposited, whatever its original state, simultaneously with the strata 
of gneiss which form a large part of the surface rock of Putnam 
county” (p. 80), and a mental picture of the processes operating to 
produce such a deposit was not lacking, for “ This ore-sediment was 
probably derived from preceding formations and carried in 
mechanical suspension by streams or torrents, into a basin or depres- 
sion of the rock-sediment formed just previously, the deposit of 
ore being then covered by layer on layer of rock-sediment until, by 
accumulated pressure and heat, the rock-sediment was changed to a 


21 Wendt, A. F. The Iron Mines of Putnam County, New York. Trans. 
Am. Inst. Min. Eng., v. 13. 1885. 

22 Op. cit. 

23 Major T. B. Brooks first suggested this structure. See Tenth Census 
Report, 1880, p. 103, footnote. 

Putnam suggested as an alternative explanation that the ore body of the 
Tilly Foster might be concentrated along the axis of a compressed and over- 
turned anticlinal fold pitching northeasterly and possibly faulted on the line 
of this axis. 

24 Ruttman, F. S. Notes on the Geology of the Tilly Foster Ore Body, 
Putnam County, New York. Trans. Am. Inst. Min. Eng., v. 15. 1887. 


ithe”. 


MAGNETITE IRON DEPOSITS OF SOUTHEASTERN NEW YORK 17 


gneiss, and the ore, through successive stages, to magnetite’ (p. 80). 
The structure of the ore body is very well described and the paper 
is well illustrated with diagrams of horizontal and vertical sections 
of the ore body at different levels of the mine. 

It was during this period that Williams *° began his now famous 
petrographic studies of the rocks near Peekskill which were earlier 
called the Cortlandt series by Dana. Williams proved conclusively 
the igneous origin of these rocks and in his final paper ?* gave a 
carefully illustrated and convincing account of the contact- 
metamorphism produced in the adjoining schists and limestones by 
the intrusion of the massive igneous rocks. 

During the field work of the New Jersey survey in 1885, Doctor 
Britton found what appeared to be an extension of the Cortlandt 
series on the west side of the Hudson river, not far from Stony 
Point. This was later brought to the attention of J. F. Kemp,” 
who studied this occurrence and connected the rocks with the 
eruptives on the east side of the river. Doctor Britton extended his 
field work into southeastern New York as an aid to a better under- 
standing of his problem in the New Jersey Highlands. As a result 
of his studies he concluded that the micaceous schists and 
crystalline limestones of Westchester county were incorrectly 
classified by Dana as the metamorphosed equivalents of Cambro- 
Ordovician sediments, for, in a paper which appeared in the School 
of Mines Quarterly * this very definite statement appears: ‘‘ There 
are doubtless some basins of more or less altered Paleozoic rocks 
in the northern part of the county (Westchester), but by far the 
greater portion of the rocks are unquestionably Upper Archean.” 
(p. 38) Merrill, who was associated with Doctor Britton in the 
study of the rocks of the New Jersey Highlands and in the pre- 
liminary examination of the Hudson River section, subsequently 
made a more extended study of the latter, corroborated the general 
results of Doctor Britton’s work in New Jersey, but took issue 
with him on the age of the crystalline limestones and schists of 
Putnam, Westchester and New York counties. While Merrill *° 


2 Williams, G. H. Amer. Jour. Sci., 3d ser. 31: 26-41, 1886; 33: 135-43, 
and 191-99, 1887; 352 438-48, 1888; 36: 254-69. 1888. 


26 Op. cit., 36, p. 254-69. 1888. 
27 Reitic, Af ¥ "On the Rosetown Extension of the Cortlandt Series. Amer. 


. Sci., 3d ser., 36: 247-53. 1888. ] 
foe aoaee: N. L. On Recent Field Work in the Archean Areas of 


Northern New Jersey and Southeastern New York. School of Mines Quar- 


terly, 9: 33-39. 1887-88. 
“es Mernil, E. J. H. On the Metamorphic Strata of Southeastern New York. 
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was not able to contribute any very positive information on this 
important question he concluded that “All the suggestive evidence, 
however, favors the view taken by Prof. W. W. Mather and subse- 
quently elaborated by Prof. J. D. Dana, viz: that the rocks of the 
Manhattan group (Merrill presumably includes equivalent types in 
Westchester and Putnam counties) are the metamorphosed equiva- 
lents of the Paleozoic beds of southern Dutchess county.” (p. 391) 
Merrill was unable to find an unconformable contact between the 
rocks of the Manhattan group and the underlying Precambrian 
crystallines, which was the chief factor of doubt in his conclusions. 

Later work *° did not cause him to alter his opinion, for he 
inferred, from the relation of the quartzite, limestone and schist 
of Westchester county to the underlying gneiss, that the crystalline 
limestone of Westchester county was equivalent to the limestone of 
Dutchess county (the Wappinger limestone), the age of which had 
“been satisfactorily established by the work of Dwight, Dana and 
others to be calciferous-Trenton.” By analogy the schist and 
“micaceous gneiss” overlying the crystalline limestones were cor- 
related with the Hudson River group in New York county, which 
Merrill had already determined to be the metamorphosed equivalents 
of the Cambro-Ordovician sediments of Dutchess county. Merrill 
was convinced of the correctness of his determinations of the age 
relations of these rocks, and six years later * described them and 
mapped them as metamorphosed Cambrian, Cambro-Ordovician and 
Silurian sediments. This view is still maintained by some geologists 
at the present time, although Berkey,*? in connection with some of 
his studies of the geology of the Highlands of southeastern New 
York, while recognizing the age relations to be a question of great 
complexity and considerable difference of opinion, concluded that 
these rocks were not the metamorphosed equivalents of Cambro- 
Ordovician sediments, but instead were Precambrian in age. The 
differences of opinion have been due in part to the failure of other 
workers in this field to recognize the significance of the great 
structural breaks of the region. In his description of the complex 
faulting Berkey stated: “The net result is a preservation of 
representatives of the later group of formations (Cambro-Siluric) 


80 Merrill, F. J. H. The Geology of the Crystalline Rocks of South- 
eastern New York. N. Y. State Mus. Annual Rep't 50. 1896. 

81 Frederick J. H. Merrill on the Metamorphic Crystalline Rock. New 
York City Folio 83, U. S. G. S., 1902. 

82 Berkey, C. P. Structural and Stratigraphic Features of the Basal Gneisses 
of the Highlands. N. Y. State Mus. Bul. 107, p. 361-78. 1007. 
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along this fault line. This is especially successful on the margin of 
the down-faulted block, so that, in Peekskill Creek valley and the 
next small valley to the southeast, these formations may be seen. 
But because of the oversight of this profound structural break, the 
identification of the formations of this district has been confused with 
the older group.” Additional valuable contributions to the geology 
of this region appear in later New York State Museum Bulletins. 

The State of New York began to manifest some interest in the 
iron ore deposits within its borders with the publication of the 
Tenth Census report, and in the summer of 1888 work was begun 
on the preparation of a report on the iron mines and iron ore dis- 
tricts of the State. The report ** was published the following year. 
But nine pages are devoted to very brief descriptions of the magnetite 
mines in operation in southeastern New York, while those not in 
operation are dismissed with a paragraph or two. In 1880 there 
were twenty-six mines in operation in Orange and Putnam counties, 
New York, with a total output of 184,187 tons. During the 
succeeding 8 years all but four of the mines were abandoned so that 
when Smock’s report appeared the only producing mines in south- 
eastern New York were those operated by the Sterling Iron and 
Railway Co., the Forest of Dean Iron Co., the Mahopac Iron Ore 
Co., and the Tilly Foster Iron mine. Until the papers by Wendt * 
and by Ruttman,*® already referred to, were published, no adequate 
description of the magnetite ore bodies of southeastern New York 
had ever been written; indeed, there is a singular dearth of litera- 
ture descriptive of the magnetite bodies in this area. Ries *” 
described very briefly the magnetic ore deposits in Orange county 
but offered no comment as to the origin of the ore. His observa- 
tions on the Highland area of the county are equally brief and “are 
to be considered as merely preliminary and in the nature of a 
reconnaissance.” But little has been added to our knowledge of the 
magnetite ores of Orange county since that time. Five years later 


33 Berkey, C. P. and Marion Rice. The Geology of the West Point Quad- 
rangle. N. Y. State Mus. Bul. 225-226. The Geology of the Newburgh 
Quadrangle, by Charles P. Berkey and Florrie Holzwasser. (Prepared) 

34 Smock, J. C. First Report on the Iron Mines and Iron Ore Districts 
in the State of New York. N. Y. State Mus. Bul. June 7, 1889. Idem, 
Review of the Iron Mining Industry of New York for the Past Decade. 
apransaAci. Ms. Ba Vo,17s, ¢1 F 

35 Wendt, A. F. The Iron Mines of Putnam County, New York. Trans. 
A. I. M. E. v. 13. 1884-85. 

36 Ruttman, F. S. Notes on the Geology of the Tilly Foster Ore body, 
Putnam County, New York. Trans. A. I. M. E. v. 15, 1886-87. 

87 Ries, Heinrich. Report on the Geology of Orange County. Report of 
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Landis ** briefly described the methods then employed in operating 
the Tilly Foster mine, but contributed nothing new to the existing 
knowledge of the geology of the deposit. Eight years more elapsed 
before any additional work was done on these ore bodies. Stewart * 
then attacked the problem in a different way, making use of petro- 
graphic methods in an effort to determine the character and origin 
of the ores. Stewart described two belts of magnetite in Putnam 
county, one lying along Canopus creek, the other lying along Sprout 
brook. The Canopus creek group consisted of the Canada, Sunk, 
Pratt, Sacket, Denny and Nelson mines, and the Sprout brook 
group consisted of the Croft and the Todd mines. Brief petro- 
graphic descriptions of the wall rocks of these mines are given, but 
Stewart was unable to arrive at any satisfactory conclusions as to 
the origin of either the ores or the associated gneisses. He 
apparently favored a sedimentary origin for the Canopus Creek 
group, as he stated (p. 293) that it “ has no features that can not be 
accounted for by considering it a metamorphosed bed of magnetite 
sand.” And this, notwithstanding the associated coarse feldspathic 
granite cut by veins of magnetite and marked evidence of syntexis 
immediately adjacent to and connected with the ore bodies! The 
Sprout Brook group, according to Stewart, “ suggests replacement of 
a limestone lens, possibly connected with the action of an acid 
intrusive’? (p. 293), but the uncertainty that he felt with regard to 
the genesis of these deposits is expressed as follows: “It seems 
probable that the Precambrian magnetite ores, although resembling 
each other in shape and having in a large way similar associations, 
are of various origins. Ina complex series of sediments abundantly 
injected with many kinds of intrusives and afterwards intensely 
metamorphosed, it is but reasonable to suppose that sedimentation, 
segregation, chemical precipitation, replacement and contact action 
have all done, in various places, some work in concentrating so 
widely distributed a metal as iron.” (p. 294) 

A short paper by Stoltz *° descriptive of the equipment and method 
of operation of the Forest of Dean mine in Orange county, and a 
very creditable paper by Koeberlin “ on the region in the vicinity of 


38 Landis, Edward K. The Tilly Foster Mine. The Journal of the Frank- 
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Brewster, Putnam county, seem to close the record of activity in 
the study of the magnetite deposits of southeastern New York. 
Koeberlin first appreciated the significance of the character of the 
minerals associated with the’ ore in the Tilly Foster mine, and first 
recognized the similarity in origin between the Tilly Foster and the 
Mahopac ore bodies. He correctly described these as deposits 
formed by the replacement of an original body of interbedded lime- 
stone: “It seems probable in the light of these facts that the 
chondrodite-bearing limestone found associated with the ore is what 
remains of an original body of interbedded limestone. This lime- 
stone was subjected to contact metamorphic action by the intrusion 
of an igneous magma, which was probably either granitic or syenitic, 
as both these rocks outcrop in the neighborhood. . . . The 
intimate association of these two minerals (chondrodite and spinel) 
with the magnetite, precludes the possibility of a sedimentary 
origin.” (p. 749-50) | 

In the contiguous territory of New Jersey the study of the prob- 
lems involved in the complex geology of the Highlands was actively 
prosecuted. Until 1889 most geologists of the time were convinced 
of the sedimentary origin of both the gneisses and the associated 
iron ores, but Nason ** at this time first threw doubt on the correct- 
ness of the view that all the rocks of the Highlands are meta- 
morphosed sediments. He questioned the value of the subdivision 
of the crystalline rocks into three groups by Britton, and although 
he suggested a division of these rocks into types dependent on 
mineralogical and structural features, he found difficulty in classify- 
ing the Archean rocks in the then existing state of knowledge. Nason 
suggested that the greater part, if not the whole of the Archean 
might prove after all to be eruptive, and conceived that the schistose 
and foliated structures might have been caused by pressure or shear- 
ing. These views did not receive much support, however, until 
nearly 15 years later, and they were rejected subsequently by Nason 
himself. In the meantime the origin of the magnetites received less 
attention, the geological work trending in other directions. Among 
the more important papers published during this interval were 
Correlation Papers, by Van Hise,** in which an excellent summary 
of New Jersey geology provides a fair estimate of the knowledge of 


42 Nason, F. L. Geological Studies of the Archean Rocks. Annual Rep’t 
State Geol. Geol. Surv. N. J., p. 12-72. 1880. 
43 Van Hise, C. R. Correlation Papers. Archean and Algonkian. U. S. 
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the geology of the Highlands in 1891; a report by Wolff ** on the 
Archean geology, in which he recorded attempts to unravel the 
structure and origin of the gneisses at Hibernia by using a horizon 
marker sufficiently characteristic to enable him to trace it for con- 
siderable distances. Wolff used a phase of the gneiss composed of 
quartz, feldspar, biotite, garnet, magnetite and often graphite, which 
weathered to a deep red color. He favored “an origin for the 
series from a previous bedded series by metamorphism and 
re-crystallization which took place contemporaneously with the 
folding and without fusion” (p. 369), thus arguing a like origin 
for the associated magnetites; a paper by Nason ** in which he 
described the folded structure of the ore bodies in the Ringwood 
mines, and, having apparently abandoned his earlier suggestion as 
to the possible igneous origin of the ores, very definitely stated that 
“no beds of iron-ore have been observed to cut across the plane of 
bedding as they would do in case of their secondary origin, either 
from their being of eruptive origin (an idea now obsolete), or from 
having been deposited in veins or fissures of fractures.” (p. 508) 
Belonging to this period also is a paper by Westgate *® who studied 
the gneisses of Jenny Jump mountain and found them to be massive 
granitoid rocks with an absence of crumpling and contortion, and 
with no well-defined schistosity. He found no evidence that these 
rocks had ever been folded and found it impossible to connect the 
different belts with one another except by “inventing ” synclines or 
anticlines in order to explain the recurrence of the belts, which he 
felt was useless, since the observed facts failed to support any such 
theory. 

Westgate found no evidence in proof of the detrital origin of the 
lighter colored feldspathic varieties of the gneiss, but on the con- 
trary stated that the massive character of the granitoid gneiss 
suggested an igneous origin. At the northern end of the mountain, 
however, hornblendic and micaceous gneiss and quartz pyroxene 
rock occur associated with the limestone and apparently interbedded 
with it; he believed these to be metamorphosed sediments. 

Westgate made a very thorough study of the crystalline lime- 
stone associated with the gneisses. There was at that time a 


44 Wolff, J. E. The Geological Structure in the Vicinity of Hibernia, New 
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difference of opinion concerning the age of the crystalline limestones 
associated with the gneisses in Sussex county. Wanuxem and Keat- 
ing,*’ Kitchell,** Cook,*® Britton,®°* Dana,*! and Williams,°? believed 
the crystalline limestone to bé Precambrian in age and not related to 
the blue Cambrian limestone of the Kittatinny valley, whereas 
Rogers ** and Nason ** declared the crystalline limestones of Sussex 
county to be metamorphosed Cambrian blue limestones. Kemp and 
Hollick °° described the northward extension of this belt of closely 
involved blue and white limestone and concluded that the white 
crystalline limestone of Orange county, New York, and that of 
Sussex county, N. J., were equivalent and both were metamorphosed 
blue Cambrian limestone. 

Westgate,*° however, believed that the crystalline limestone of 
Jenny Jump Mountain was distinct from and older than the blue 
Cambrian limestone; his conclusions were substantiated and the age 
of the white crystalline limestones definitely proved to be Precambrian 
by the very careful work of Wolff and Brooks *’ who recognized 
fault-relations and realized that “the white limestone was faulted 
over and against the blue” (p. 446). A very careful study of the 
structural features of the gneisses of the Highlands of New Jersey 
convinced Spencer °° of their igneous origin. Spencer recognized 
three types of gneisses ; two of these are intrusive into the limestone, 
and the third, while not found intruding the limestone, was thought 
to be intrusive into the other two gneisses. Pegmatite was found 
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cutting all the other rocks, and magnetite closely associated with it. 
Spencer thought the streaked and foliated structure of the gneisses 
to be original, due to flowage while the rocks were not completely 
consolidated. He concluded the magnetites to be likewise of igneous 
origin and to be connected with the invasion of the pegmatites. 
“Tnstead of being bog ores, or carbonates deposited in sedimentary 
rocks and later changed to magnetite by metamorphism, as formerly 
suggested, they have been apparently introduced as products of 
igneous activity. The process suggested, however, must not be con- 
fused with magmatic differentiation as commonly understood.” °° 
Since the pegmatites are generally thought to have been formed by 
the crystallization of silicate minerals from what must have been 
essentially an aqueo-igneous solution, and since the magnetites are 
closely associated with the pegmatites, Spencer conceived that the 
magnetite ore bodies must likewise be related to end-phase con- 
solidation processes. ‘“‘ The process is not regarded as one of mere 
separation and bunching of dark silicates and magnetite within 
masses of crystalline rock originally containing the required elements 
in the necessary proportion; but it is conceived that the accretion of 
certain substances, such as the iron oxide, was brought about by the 
addition of material dissolved in magmatic waters which permeated 
and moved through the pasty pegmatites as long as they were in an 
unconsolidated condition.” (op. cit.) There is thus here recorded 
a new conception of the origin of the magnetite which seems to be 
much more in accordance with field relations and occurrences than 
the older ideas of previous workers in this area. 

Four years later, W. S. Bayley,®° in his description of the Pre- 
cambrian geology of the Passaic quadrangle, postulated an igneous 
origin for the Losee and Byram gneisses, and for part of the 
Pochuck gneiss (p. 5, op. cit.); but while concluding that the 
magnetite associated with the pegmatites was an essential part of 
the rock, and hence igneous, Bayley left the origin of the remaining 
ores in doubt. Thus, in discussing the magnetiferous phases of the 
Pochuck gneiss he remarks: “If the Pochuck is metamorphosed 
sedimentary material the masses of ore must also be a metamorphic 
product. It does not necessarily follow, however, that the iron must 
have been in the original sediment. . . . The iron here may 
have been introduced by hot circulating solutions under conditions 
of igneous metamorphism. Whatever the origin of the ore, it 


59 Mining Magazine, v. 10. 1904. 
® Folio 157, U. S. G. S., 1908. Also Folio 1, Geol. Atlas of N. J. 
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appears to have been in such a condition that subsequent to its 
formation it was able to move as a mass and to a moderate extent 
invade the surrounding rocks in the form of small dikes or veins.” 
(op. cit., p. 24.). A. C. Spencer, who studied the Precambrian 
geology of the Franklin Furnace area likewise found it difficult to 
determine the exact origin of the magnetite, although an igneous 
origin is favored; in his discussion of the origin of the ore deposits 
Spencer states: “ The ore deposits of the Highlands region offer 
in themselves no adequate clues for determining their origin, and the 
best that can be done in this direction is to assign the deposits to the 
most probable place in the geologic history of the Precambrian rocks. 
As the history of these old rocks is obscure, the genesis of the ores 
can be considered only in very general terms. . . . The magnetite 
ores of the Highlands are believed to have been formed by igneous 
processes connected with the invasion of the region by the granitoid 
rocks which are characteristic of the Precambrian area.” (p. 8.) 
Like Bayley, Spencer believed the Losee and Byram gneisses to be 
of igneous origin and considered the gneissic foliation to be an 
original structure in the invading rocks of the Precambrian com- 
plex. He believed that crystallization-differentiation would not only 
account for the difference in composition between the Losee, with 
sodic feldspar, and the Byram gneiss, whose feldspar is dominantly 
potassic, but would also provide for the production of metamorphism 
in the Pochuck gneiss and the Franklin limestone. The differentia- 
tion hypothesis, according to Spencer, also suggests a method by 
which notable deposits of iron and zinc ore have been segregated. 

It was about this time that Henry B. Kiimmel, state geologist of 
New Jersey, requested William S. Bayley to prepare a report cover- 
ing the entire history of the iron-mining industry in the state. 

The report,°? issued in 1910 as a volume of 500 pages, contains a 
review of all the literature pertaining to the subject and complete 
descriptions of all the ore bodies in the state. It is well illustrated 
with maps and diagrams, it contains good descriptions of the 
structural features of the gneisses and of the ore, and it is a valuable 
contribution to the general and to the economic geology of the 
Highlands region of New Jersey. With respect to the origin of 
the New Jersey magnetites Bayley says: “It is quite evident from 
the character of the different types of ore that they have all had the 


61 Folio 161, U. S. G. S., Franklin Furnace Quadrangle. 10908. Folio 2, 


Geol. Atlas of N. J., 1908. 
® Bayley, W. S. Iron Mines and Mining in New Jersey, v. 7, of the 


Final Report Series of the State Geologist. Trenton, 1910. 
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same origin. . . . In all cases the ores are regarded as being 
of magmatic origin — that is, the source of their material is thought 
to have been the deep-seated molten magmas, portions of which, upon 
being intruded into the overlying rocks, solidified as the various 
gneisses now constituting the principal rocks of the Highlands ridges. 


“After partial cooling of the gneisses these were in turn intruded | 


by ferruginous portions of the same magma that gave them birth, 
and these intrusions were later enriched by iron-bearing solutions 
or vapors originating in the same subterranean source. In their 
transit to the surface these solutions or vapors deposited addi- 
tional magnetite in the intruded ferruginous rocks and made the 
ore lenses that now comprise the ore bodies.” 

Thus the time-honored conception of a sedimentary origin for 
buth the gneisses and the magnetite of the Highlands of New Jersey 
was gradually displaced by theories involving magmatic sources for 
the ore and its associated rocks. 

About two years previous to this time Charles P. Berkey 
encountered two or three occurrences of typical granite on the north- 
east side of the basic eruptives near Peekskill, known as the 
Cortlandt series. From their consanguinity, shown by their high 
soda content, and their field relationship Berkey ** concluded that 
this granite, which he called the Peekskill granite, represented the 
acid differentiate of the basic eruptives, which therefore exhibit 
a greater varietal range than had formerly been supposed. 

Rogers “* subsequently restudied this extremely interesting group 
of igneous rocks © giving, in a very creditable paper, a general idea 
of the rocks as a whole and the deposits of economic value con- 
nected with them. Berkey was engaged at this time in an exhaustive 
study of the geology of the Highlands and the region both to the 
south and to the northwest in connection with the exploratory work 
being conducted by the Board of Water Supply of New York City. 


Much of this work has not been assembled for publication until | 
recently, but some expressions of it appeared from time to time. He 
was one of the first geologists to recognize the existence of profound > 


63 Berkey, C. P. The Acid Extreme of the Cortlandt Series near Peeks- 
kill, N. Y. Science, N. S., 28: 575. 1908. 

64 Rogers, G, S. Geology of the Cortlandt Series and Its Riery Deposits. 
Annals N. Y. Acad. Sci. 21: 11-86. tort. 

6 William H. Hobbs described the northeastern extensions of this series, 
in Connecticut; see Festschrift Zum siebzigsten Geburtstage von Heinrich 
Rosenbusch, p. 25, Stuttgart, 1908. 
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structural breaks in the Precambrian rocks of the Highlands ° and 
to detect the presence of infaulted blocks of Cambro-Ordovician 
sediments in the crystallines.of the Precambrian. By an agreement 
effected between the Board of Water Supply of the city of New York 
and Dr John M. Clarke, the state geologist, the geologic data 
acquired in the preliminary and final surveys for the aqueduct were 
intrusted to Doctor Berkey for summation, the data appearing in 
a bulletin of the State Museum. Not only is this bulletin a scientific 
record of very accurate observations, but also an illustration of the 
application of geology to engineering problems and a manual of 
great educational value.** The unusual difficulties encountered in 
making the exploratory borings preparatory to constructing the 
pressure tunnel under the Hudson river from Storm King mountain 
on the west bank of the river to Breakneck mountain on the east 
are excellently described by Kemp ‘*°® who was associated with 
Doctor Berkey in the geological work on the aqueduct. The 
peculiar rock conditions found when the tunnel was finally con- 
structed (“popping rock,” p. 5) are described, as well as other 


features of much interest. 

In a paper presented to the Eleventh International Geological 
Congress in 1910, Professor Kemp °° discussed the correlation of the 
belts of crystalline limestone and schist extending from New York 
City to the Highlands, a distance of over 40 miles, with the Hudson 
River slates and the Wappinger limestone, regarded by Mather, 
Dana, and Merrill as the unmetamorphosed equivalents of the south- 
ern crystallines. Kemp remarks: 


There is indeed a striking parallelism between the two. Thus on the south 
of the Highlands, which form a ridge of the oldest rocks of this section 
and which cross the river from northeast to southwest, we find a very heavy 
development of mica-schist, resting conformably on a thick stratum of dolo- 


66 Berkey, C. P. Structural and Stratigraphic Features of Basal Gneisses 
of the Highlands. N. Y. State Mus. Bul. 107, 1907; idem, Prominent Struc- 
ture of the Northern Margin of the Highlands; Abstract, Annals N. Y. 
WNead-esci- 21: 210. 1012. 

67 Berkey, C. P. Geology of the New York City (Catskill) Aqueduct. 
N. Y. State Mus. Bul. 146. 10911. 

68 The problems of special interest involving structural and other condi- 
tions in various localities in the Highlands are: Pagenstechers gorge and 
Storm King mountain, ch. VIII; Hudson River Crossing, ch. II-III; rock 
conditions at Foundry Brook, ch. IX; geology of Sprout Brook, ch. X; and 
Peekskill Creek valley, ch. XI. 

69Kemp, J. F. The Storm King Crossing of the Hudson River by the 
New Catskill Aqueduct of New York City. Amer. Jour. Sci. (4), v. 34: I-11. 
1912. 
to Kemp, J. F. Precambrian Formations in the State of New York; Con- 
gres Géologique Internationale, Comptes Rendus 11, 1910, p. 699-719. Stock- 
holm, 1912. 
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mitic marbles. North of the Highlands there is a great thickness of slates, 
good raw materials from which to produce mica-schists by metamorphism. 
The slates rest upon a heavy stratum of blue magnesian limestone, the Wap- 
pinger, well adapted to yield dolomitic marbles under metamorphism. 

Only a poor representative of the Poughquag quartzite could be found 
beneath the marbles on the south side, but a quartzitic rock was noted by 
Doctor Merrill and called the Lowerre, from a suburb of New York City. 
This interpretation for which there was indeed much reason, was generally 
accepted for the Manhattan schist and the Inwood limestone and was used 
in the New York City folio (Folio 83) of the U. S. Geological Survey. The 
crucial point arises, however, when we endeavor to trace the belts along 
the valleys from the south respectively into the Wappinger limestone and 
Hudson River slates on the north. In applying this test C. P. Berkey 
found himself not only unable to make out the transition but confronted 
with undoubted faulted relations of the Paleozoic with Manhattan schist 
and the Inwood marble on the south. An equivalent of the two sets seemed 
so improbable that a different view was advanced. The schist and marble 
were referred to a Precambrian group of sediments, which, however, were of 


late Precambrian age. This view is further corroborated by the fact that | 


the Poughquag quartzite displays 600 feet of section on the north side of 
the Highlands whereas 20 miles to the south there is no satisfactory equiva- 
lent. It is also true that the Manhattan schist is a much more extreme 
case of metamorphism than is any representative of the Hudson River slates 
in Massachusetts or Vermont. (p. 705-6) 

Berkey’s interpretation, which is undoubtedly correct, is so 
diametrically opposed to the older views that the writer has felt 
constrained to quote at length from Professor Kemp’s paper. 

The Precambrian sediments in the contiguous territory of New 
Jersey were studied by Bayley,” who showed that the Franklin 
limestone is only one member of a series of Precambrian sediments 
which consists, in addition to the limestone, of quartzites, con- 
glomerates, slates and micaceous and graphitic schists, some of which 
are so thoroughly metamorphosed that their original clastic character 
is greatly obscured. 

The recognition of this series, which may tentatively be referred 
to the Grenville, and the realization that these rocks were highly 
metamorphosed, folded and strongly foliated before the invasion of 
the igneous masses called Pochuck, Losee and Byram gneisses by 
the New Jersey geologists, and the Storm King granite, Cat Hill 
granite, Canada Hill granite, Reservoir granite and Mahopac granite 
by Berkey ” was an important step toward the final untangling of the 
complexities of Highlands geology. 


71 Bayley, W. S. The Precambrian Sedimentary Rocks in the Highlands 
of New Jersey. Congres Géologué Internationale Comptes Rendus 12, 1913, 
Pp. 325-34. Ottawa, 1914. 

7 Berkey, '(C. P. Geology of the New York City Aqueduct, N. Y. State 
Mus. Bul. 146. 1911. Also Berkey, C. P., & Rice, Marion, Geology of the 
West Point Quadrangle; State Mus. Bul. 225-226. Berkey earlier (1007) 
recognized the old series of Precambrian sediments in the Highlands of south- 
eastern New York. See N. Y. State Mus. Bul. 107, Structural and Strati- 
graphic Features of the Basal Gneisses of the Highlands. 
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Fenner,”* as a result of his study of certain of the gneisses in the 
Highlands of New Jersey attached much importance to the con- 
trolling influence exerted by the structures in the Precambrian sedi- 
ments: “ Evidence is given leading to the belief that the structures 
at this locality (northern New Jersey) can not well be attributed to 
the squeezing-out of a partly differentiated magma or to the shearing 
and recrystallization of a solidified rock, but that their origin must 
be looked for in a process involving the injection of a thinly fluid 
granitic magma between the layers of an original rock of laminated 
structure. . . . The observed relations are very similar to those 
which French geologists have described under the name of Jit-par-lit 
injection, and the mode of operation is believed to have been 
essentially the same.” (p. 701-2) 

But while Bayley,”* in his discussion of the Precambrian geology 
of the Raritan, N. J., quadrangle states: “The light-colored 
granitoid gneisses are undoubtedly of igneous origin. . . . Large 
amounts of preexisting rock material may have been more or less 
completely dissolved and assimilated by the invading magmas and 
some of the peculiar phases of the gneisses may be due to this fact. 

The portions of the Pochuck gneiss older than the other 
gneisses may be igneous rocks into which the later gneisses were 
intruded, or they may be old sedimentary rocks entirely recrystallized 
through the influence of the Losee and Byram magmas” (p. 5), no 
specific statement involving lit-par-lit injection is made, although 
6 years earlier Spencer ’’ concluded that in the case of the dark 
gneisses the “ interlayering ” of the granitoid material was so regular 
that some structural control must have been necessary. Bayley (in 
Folio 191) describes the structural features of the Highlands with 
some care; these structures are illustrated in cross-sections which 
show the great fault which separates the Precambrian rocks of the 
Highlands from the later rocks on the southeast side. The main 
structural features of the area are a series of northeast-southwest 
folds parallel to the general Appalachian structure, two series of 
great faults trending in the same direction, and a series of shallow 
cross-folds, the axes of which trend northwest and southeast. Since 


73 Fenner, C. N. The Mode of Formation of Certain Gneisses in the High- 
lands of New Jersey. Jour. Geol., 22: 594-612, and 604-702. 10914. 

4 Folio 191, U. S. G. S. The Raritan Folio, 1914; W. S. Bayley discussed 
the Precambrian geology. 

% Folio 161, U. S. G. S. Franklin Furnace Quadrangle, 1908. 
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these same general structural conditions extend into the Highland | 
area of southeastern New York, they are of interest as affecting that 


area. 
This closes the record of special activity in the Highland region 


and shows the gradually shifting trend of geologic opinion regarding | 


the complex structures and complicated history of the Highland 
area. 
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PART<2 
GENERAL GEOLOGIC SETTING ” 


This section deals somewhat briefly with the larger and general 
geologic features of the Highlands as a whole, including a short 
discussion of structural conditions and the nature of the Precambrian 
complex. 


TOPOGRAPHIC FEATURES 


The Highland region of southeastern New York is a rugged, hilly 
to mountainous zone, reaching maximum elevations of 1600 feet. It 
is characterized, especially in the northern and western part, by 
irregular mountain masses and lofty ridges separated by very narrow 
valleys, all having a general northeast and southwest trend, but with 
irregularities of form which have developed in part because of the 
complex structure of the region, in part because of differences in 
the resistance of the rocks to erosive action, and in part because of 
the effects of glacial action. The southern and eastern portions of 
the Highlands are rolling to hilly, and less rugged. 

The ridges are interrupted, not continuous, and are en echelon 
with regard to one another, with abrupt and frequently precipitous 
cliffs on the southern ends, the northern terminations being generally 
more gradual. Where, however, the Highlands terminate at their 
northern and western boundaries, they descend generally precipitously 
to the smoother rolling lowland of Paleozoic sediments. The contact 
between the Precambrian rocks of the Highlands and the Paleozoic 
sediments Jying north and west of them is sinuous and interrupted 
in the extreme. 

This is due chiefly to the dynamic history of the region; the north- 
ern and western margins represent in most cases faultline scarps. 
Here the Precambrian crystallines have been thrust over and upon 
the Paleozoic rocks, so that in many places, where the contacts can 
be seen, the relations are clear (fig. 1). The generally abrupt and 
precipitous northern and western margins of the Highlands are due 
then in large part to thrust-faulting and to the more rapid erosion of 
the softer Paleozoic rocks upon which the resistant, harder Pre- 


7 A detailed description of the geology of that part of the Highlands 
included in the West Point quadrangle appears as Bulletin 225, 226 of the New 
York State Museum, by Charles P. Berkey and Marion Rice. Those inter- 
ested should refer to this bulletin for an exhaustive discussion of the complex 
structural features and for the origin of the Precambrian crystallines in this 


area. 
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cambrian rocks have been thrust. Moreover the isolated hills of 
Precambrian rocks strung out on the western side of the Highlands 
and surrounded by Paleozoic sediments are products of the same 
forces, “stranded fault-blocks ” 77 and not “islands in the seas of 
Hudson River time.”’”* 

None of the peaks of the Highlands is especially prominent. Both 
peaks and ridges have a fairly uniform average elevation over wide 
areas, so that if one imagines all the valleys and depressions filled 
to the level of the ridges the result would be an approximately plane 
surface, with a gentle inclination toward the southeast and south- 
west. The tops of the peaks and ridges represent all that remains of 
the Cretaceous peneplane in this area, so that the rugged topography 
of the Highlands is Post-cretaceous in development and has been 
modified by subsequent glaciation. 


STRUCTURAL FEATURES OF THE HIGHLANDS 


Folds. The general structural habit of the Highlands has com- 
monly been described as monoclinal because the banded and foliated 
structure of the gneisses strikes parallel with the trend of the rocks, 
and dips with apparently few exceptions at high angles to the 
southeast, thus giving the impression of a universal monoclinal 
structure. There are exceptions to this general monoclinal habit 
which seem to indicate the probability of a very definite folded 
structure which is, however, somewhat obscure and which may be 
inherited in part from the previously metamorphosed and undoubtedly 
folded Precambrian sediments of Grenville age into which, and 
because of their strong structural control, the later igneous matter 
was introduced, partly by impregnation and partly injected in lit- 
par-lit fashion, thus forming the basal gneisses of the Precambrian 
complex ; a process and an origin long ago postulated by Berkey °° 
and later by Fenner.*® Additional evidence of the existence of folds 
is offered by the structure of the ore bodies at Franklin Furnace 
and Sterling Hill, N. J. The great ore body which lies beneath Mine 
hill, at Franklin Furnace is “ bent upon itself to form a long trough 
with sides of unequal height. The trough lies with its keel pitching 


7 Berkey, C. P., & Holzwasser, Florrie. Geology of the N 

rangle. SHEE at se Bul. (Prepared) = ° ee 
78 Ries, Heinrich. eport on the Geology of Oran ? 

the State Geologist, NY. p. 422 180s, at iestd oi OF Re 
7 Berkey, C. P. Structural and Stratigraphic Feat 

Gneisses of the Highlands. N. Y. State Mus. Bul. on pepe OY hid aa 
80 Fenner, C. N. The Mode of Formation of Certain Gneisses in the 

Highlands of New Jersey. Jour. Geol., 22: 594-612 and 694-702. 1914. 
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in a northerly direction. . . . The Sterling Hill deposit, like that 
of Mine Hill, is a layer in the form of a trough... . Although 
there is no direct evidence to show whether the ore layer was first 
deposited and then bent into its present shape, or whether it was 
formed along a previously folded stratum or fissure, the latter is 
regarded as the more likely.’ ™ 

Forty years previous to this a cross-section of the ore body in the 
Hurdstown mine was depicted by Doctor Cook *? showing an over- 
turned asymmetric synclinal fold, or at least a structure which 
strongly resembles such a fold; Doctor Cook also mentions other oc- 
currences of like nature. Nason“ likewise described folded struc- 
tures in the iron mines at Ringwood, N. J., and other geologists who 
worked in the New Jersey Highlands have observed similar phenom- 
ena. The forms of the ore bodies of the Forest of Dean mine (fig. 3) 
and of the Scott-Cook-Augusta group in southeastern New York are 
suggestive of inherited folded structures, and the curving strike of 
the hornblendic gneiss on the east, south and west of Sterling lake 
(fig. 6) might be interpreted as being due to the intersection of a 
parabola-shaped, northeastwardly pitching, asymmetric, synclinal fold 
with an erosion plane, namely, the surface. Moreover, the crystalline 
limestone of Sprout Brook valley is judged by Berkey ** to represent 
an infolded belt of very old Precambrian age, the valley in which it 
lies being synclinal with a gentle southwestwardly pitch. There 
seems to be no doubt, therefore, that structures other than mono- 
clinal are prevalent in the Highlands, but that in most cases these 
structures are somewhat obscure. 

Provided the exposures showing the general steep southeast- 
wardly dip (the so-called “ monoclinal structure’) of the gneisses 
be regarded as the eroded edges of large folds, then folding is every- 
where plainly evident, the more obscure features being those already 
mentioned ; and in addition occasional cross foldings which tend to 
offset and to produce embayments in the gneiss ridges, to change 
the courses of streams as they follow the curving strike of the softer 
rock, and to produce “rolls” such as those which occur in the 
vicinity of Sterling lake and which influence the shape of the ore 
bodies in the Lake and in the Sterling mines. These “rolls” were 


81U. S.G. S. Folio 161. Franklin Furnace Folio, N. J. 1908, p. 24 and 25. 
Italics are the writer’s. 

82 Cook, G. H. Geology of New Jersey, Newark, p. 58. 1868. 

83 Nason, F. L. The Geologic Structure of the Ringwood Iron Mines, 
New Jersey. Trans. A. I. M. E., 24: 505-21. 1804. 

84 Berkey, C. P. Structural and Stratigraphic Features of the Basal 
Gneisses of the Highlands.. N. Y. State Mus. Bul. 107, p. 370. 1907. 
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first mentioned by Smock *° who, in commenting on the Sterling and | 
the Lake mines observed that the undulating foot walls, or the 
“rolls,” were remarkable features of the mines. They are not, 
however, confined to the mines, but are a common structural feature 
of the area in which the Sterling group of.mines is situated, appear- 
ing as a series of cross-corrugations with short axial trend, spaced 
from crest to crest only a few yards, and whose axes vary in strike. 
They are irregular in distribution and are apparently due to cross- 
folding, as already suggested. 

Faulting. The Highlands area is complexly faulted, no less 
than three different periods of faulting being recorded. The earliest 
and the most obscure faults are Precambrian in age; these are com- 
pletely healed, and hence do not form zones of weakness or decay 
and have had but little influence in controlling the present topog- 
raphy, as they occur not only in the valleys but across the ridges 
as well. 

A later series of faults of distinctly Appalachian type may be 
much more easily observed because of the development of prominent 
crush zones, slickensides and other weaknesses. These faults follow 
the general strike of the structure and in some cases exhibit great 
displacement, especially the series or succession of faults which 
follows closely the northern and western borders of the Highlands 
ranges; particularly the one at the northern base of Storm King 
mountain and Breakneck ridge. This fault is exposed a mile south- 
west of Cornwall station, where the walls show a fault-plane dipping 
steeply to the southeast, with the Storm King granite overthrust 
upon the Hudson River slates ; the displacement is estimated as 2000 
feet or more.*® The strong overthrust tendency from the southeast, 
together with later block faulting and subsequent erosion, is like- 
wise responsible for the production of the isolated hills of gneiss 
surrounded by Cambro-Ordovician sediments, previously mentioned. 
Such are Bull hill and its neighbors. a few miles north of Monroe; 
Snake hill and Cronomer hill near Newburgh, Woodcock hill, and 
other smaller detached hills along the western margin of the High- 
lands area in Orange county. 

A third and still more recent period of deformation is repre- 
sented by block faults produced during Triassic times. The most 
prominent of these follows the west side of Peekskill creek to the 


85 Smock, J. C. First Report on the Iron Mines and Iron-ore Districts in 
the State of New York. N. Y. State Mus. Bul. 7, p. 16. 1880. 

86 Berkey, C. P. Structural and Stratigraphic Features of the Basal 
Gneisses of the Highlands. N. Y. State Mus. Bul. 107. 1907. 
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Hudson river, crosses the river diagonally to Tompkins Cove, and 
passes southwestwardly through New York and into New Jersey, 
where the escarpment established by the displacement forms the 
southern boundary of the Highlands and sharply delimits the Pre- 
cambrian crystallines from the Triassic sediments. Occasional 
cross faults of small displacement, striking nearly east-west, are 
related to this period also. 
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Fig. 1 Cross-section showing the Precambrian complex of the Highlands 
overthrust on the Cambro-Ordovician sediments. Northern margin of 
the Highlands, near Beacon. 
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The isolated hills of gneiss previously mentioned are frequently 
bounded on the northwest sides by thrust faults of the Appalachian 
type and on their southeast sides by Triassic gravity faults, thus 
owing their isolation to these movements and to the erosion fol- 
lowing; the “stranded fault blocks” of Berkey,’ previously 
referred to (p. 32). The failure of earlier geologists to observe 
that blocks of Cambro-Ordovician sediments were down faulted into 
the Precambrian crystallines led to the confusion of these younger, 
infaulted sediments with the older group, and to the conclusion that 
the crystalline schists and limestones of Precambrian age (particu- 
larly the Manhattan schist and the Inwood limestone) were the 
metamorphosed equivalents of the Hudson River slate and Wap- 
pinger limestone of Cambro-Ordovician time. 


87 Berkey, C. P., & Holzwasser, Florrie. Geology of the Newburgh Quad- 
rangle. N. Y. State Mus. Bul. (Prepared) 

Ruedemann (N. Y. State Mus. Bul. 133; p. 164-93) classifies such struc- 
tures as “inliers caused by diastrophism”’; he mentions the inliers of gneiss 
in the neighborhood of Newburgh and along the north side of the Schune- 
munk mountains and states that “ faulting may, to some extent, have 
influenced the production of some of these inliers.” (p. 181) 
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Effect of faulting on the magnetite bodies. The larger ore 
bodies of southeastern New York have not been seriously affected 
by the various periods of deformation through which the Pre- 
cambrian rocks have passed. 

The ore body in the Forest of Dean mine, a pitching chute of 
fairly uniform cross section, has been mined to a depth of more 
than 4500 feet down the pitch without discovering a single fault of 
any magnitude. The main ore body of the Lake mine has not been 
affected, but the ore body of the old Crossway and Mountain mines 
of the Sterling Lake group, nearby, has been slightly offset by fault- 
ing, and the ore body in the Scott mine, of the same group, has 
likewise been faulted to a small degree. 

Wendt * first mentioned the fault which cut the ore body of the 
Tilly Foster mine, and later Ruttman,*® presented an elaborate dis- 
cussion of it. The fault was not, however, of great throw and 
caused no trouble in working the ore. The ore body in the Mahopac 
mine was likewise cut off by a fault, but no details of the magnitude 
of it are available. The old “ Phillips vein,’ along which were 
located the Canada, Sunk, Pratt, Sackett and Denny mines, is slightly 
offset by an oblique fault which lies between the north end of the 
Sackett pits and the south end of the Sunk workings; the apparent 
offset is about 50 feet. Small crush-zones are a common feature in 
the Highlands, and the magnetite deposits have been more or less 
affected by the movements which developed the crush-zones. It is 
difficult to say to what degree faulting has affected some of the 
deposits, since the old workings were in many cases merely shallow 
pits, and these are now caved and water-filled. 

Nature of the Precambrian complex. The gneisses of the 
Highlands comprise a composite belt of crystalline rocks with some 
types certainly of igneous origin and others that represent original 
sediments, now metamorphosed. The igneous members include 
gneissoid rocks of granitic, syenitic and dioritic composition, and 
mixed types which may be regarded as syntectics, all associated with 
and usually accompanied by extensive developments of pegmatite 
which occurs in small and large dikes, bands, streaks, schlieren and 
small bosses. Pegmatite is almost invariably encountered in- the 
vicinity of the magnetites, and usually closely associated with them. 

The gneisses of sedimentary origin are exposed in unmixed 
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development in but very few areas, for they are almost invariably 
interleaved with and extensively injected by magmatic material 
similar in composition to the greater igneous bodies which consti- 
tute so large a part of the Highlands complex. 

The usual habit of these complex gneisses is a banded one with 
alternating bands of lighter and darker color corresponding to 
variations in the mineral composition. Some of the bands are com- 
posed of essentially nearly pure quartz and feldspar, others are 
largely hornblende or biotite, others mixtures of these with quartz 
and feldspar, and occasionally bands of feldspar and epidote are 
encountered. 

The gneisses of sedimentary origin may possibly include more than 
one stratigraphic group, but in many places they closely resemble 
the Fordham gneiss of southern Westchester county classed by 
Berkey °° as probably equivalent to the Grenville gneiss of the 
Adirondacks. Small lenses of interbedded crystalline limestone, in 
some instances highly silicated (sic. not silicified) accompany the 
gneiss and are to be regarded as an integral part of the same sedi- 
mentary series. There seems to be some evidence to show that these 
sediments were not only metamorphosed, but folded as well, before 
the invasion of the igneous material which now forms so large a part 
of the Highlands massif. That they exerted strong structural control 
is strikingly evident. 

They suffered lit-par-lit injection, and in many places xenolithic 
blocks, apparently detached, of the older and strongly metamorphosed 
rocks, swamped in the invading igneous masses, strike not only with 
the structural trend of the region as a whole, but each strikes in 
accordance with other, and apparently isolated, blocks. It would 
seem that a previously folded and metamorphosed series (the 
Grenville) had been invaded by a magma of exceedingly corrosive 
and insidious activity, capable of penetrating and assimilating the 
rocks through and into which it came, to an extreme degree. But 
the action was not the violent stoping postulated by Daly” 
apparently it was instead a slow, quiet, but irresistible affected, 
attendant injection, and assimilation somewhat irregularly affected, 
so that here and there roof-pendants of the old gneisses were left, 
swamped in and surrounded by the invading mass which did not 
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greatly disturb the continuity of strike of the gneiss. In cases of 
more complete assimilation there was still failure in the uniformity 
of redistribution of the different matters so that much of the 
streaked and banded structure may be a sort of preservation of the 
original structure of the rocks absorbed, and may be called, therefore, 
an antecedent structure °*; a structure crudely preserved after the 
rock which it represents has been otherwise almost wholly destroyed. 
Subsequent intrusion by additional igneous matters has complicated 
the situation, but, while it is probable that more or less deformation 
occurred during the intrusion of the several igneous masses in Pre- 
cambrian times, the crystalline rocks of the Highlands as a whole 
seem to have passed through both the Appalachian and Taconic 
revolutions without marked folding, and to have been affected only 
in so far as thrust faulting of the Appalachian type would indicate. 

The causes of the complexity and variable habit of the crystalline 
rocks of the Highlands may then be ascribed to: (qa) Original 
differences in composition of the metamorphosed Grenville sediments 
which form the basis of the gneisses; (b) original differences in the 
composition of the several invading magmas; (c) magmatic differ- 
entiation within these magmas, with movement and development 
of flow structure; (d) syntexis, both partial and complete; (@) 
igneous impregnation, as distinguished from mere lit-par-lit injection ; 
(f) lit-par-lit injection of magmatic material; (g) contact effects; 
(h) slight deformation during the invasion of the Pochuck magma 
and subsequent faulting, both Appalachian and Triassic. 

Berkey ** found, during his studies of the Highlands geology, 
that certain of the magmatic units were exceptionally capable of 
invading the surrounding country rocks in such an insidious and 
pervading way as to penetrate all weaknesses, producing lit-par-lit 
injection effects, and also to assimilate much rock. Both the 
Pochuck granite (see part 3) and the Canada Hill granite are 
representatives of this type. Other invading magmas were appar- 
ently less capable of assimilating, so that xenoliths resulted. The 
Storm King granite is representative of the latter type. This 
interpretation makes it possible to recognize several magmatic units 
separable on the basis of unity of origin, like structural or field 
relations and petrographic constancy. 


% Berkey, C. P., & Rice, Marion. Geology of the West Point Quadrangle. 
N. Y. State. Mus. Bul. 225-26. 


83 Personal communication. 


MAGNETITE IRON DEPOSITS OF SOUTHEASTERN NEW YORK 39 


divisions are as follows: 
Cd 


For the West Point quadrangle, according to Berkey,* the 


of West Point Quadrangle Northern New Jersey 
Cambro-Ordovician Hudson River formation | Martinsburg shale 
(Sedimentary) Wappinger limestone Kittatinny limestone 
Poughquag quartzite Hardyston quartzite 
Great Unconformity 
(Igneous) Basic dikes 
q (Igneous) Pegmatites Byram gneiss 
& Storm King granite (a mixed product) 
a Pegmatites 
2 f Reservoir granite 
&.| Laurentian (?) (a syntectic) Losee gneiss 
2 (Igneous) Canada Hillgraniteandas-| (a mixed product) 
: sociated injection gneiss 
3 Pee ee vores 
& Pegmatite and magnetite 
% Occasional basic injections] Pochuck gneiss 
2 (Igneous) Peekskill diorite gneiss (a mixed product) 
Ay (an injection type) 
Later Grenville Manhattan schist Franklin limestone 
(Sedimentary) Inwood limestone 
Lowerre quartzite 
a Grenville metamorphics Metamorphic remnants 
‘Ss Mica schists Chiefly variable schists 
8 Older Grenville Meta quartzites and interbedded lime- 
o| (Sedimentary) Meta limestones (Sprout| stones 


Brook limestone) 
Para-gneisses (Fordham 
gneiss) 


For the purpose of comparison, equivalent formations in northern 
New Jersey are likewise included. 

The crystalline rocks of the Highlands west of the Hudson river 
in Orange county have not yet been studied with the same care and 
attention as those in New Jersey and those in New York in the area 
covered by the West Point quadrangle. While most of the field 
work in connection with the preparation of this report has been 
necessarily limited to the magnetite bodies and their immediate 
environments, the writer has, with one exception, encountered no 
field units which did not readily lend themselves to the classification 
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of Berkey and to that of the geologists who have worked in the 
contiguous portion of New Jersey. 

Thus, the hornblendic gneiss generally associated with the ores in 
the mines of Orange county is essentially the equivalent of the 
Pochuck gneiss of the New Jersey geologists and the Peekskill 
diorite gneiss of the West Point quadrangle (but see part 3, 
p, 48-54) ; and a granite in the vicinity of the O’Neill and Forshee 
mines, with its associated syntectic not far away, may be correlated 
with the Canada Hill granite of the West Point area without raising 
any serious question of accuracy as to the correlation, and the 
pegmatites are similar in character and relations to those described 
in the various New Jersey reports (see, however, part 3). The 
exception is an extremely coarse, highly quartzose, more or less 
feldspathic, and at times almost pegmatitic, white or light-colored 
granite grading in places to brownish and pinkish, intimately asso- 
ciated with the ore, occurring almost invariably next to or in the 
immediate vicinity of the ore bodies, almost always forming parts of 
the walls, and so involved with the ore and the pegmatites that the 
writer believes it to be genetically related to them, and has thus 
described this rock in part 3, and has called it the “ Pochuck 
granite.” In other places this same granite is heavily involved with 
the “ Pochuck-Grenville”” (see part 3, p. 48-54), and it may have a 
wider distribution than at first sight would appear. 

The writer believes that the igneous rocks of the Highlands, not 
incliiding the Cortlandt series of basic eruptives or the late Pre- 
cambrian basic dikes, have been derived from one magma; they are 
related to one another in such a way as to indicate that the intrusion 
of these igneous bodies into the ancient Grenville series was a con- 
tinuous process involving the consecutive invasions of magmatic 
masses of varying compositions due to the gradual differentiation of 
a single primary magma. 
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PARY 3 
THE MAGNETITE DEPOSITS 


In this section the distribution of the magnetite bodies is briefly 
discussed ; they have been divided into groups which fall into more 
or less well-defined belts whose extent and location are given. 

The geologic relations of the ores and the associated rocks are 
described and an attempt has been made to explain the complex 
nature of that portion of the Precambrian crystallines to which the 
magnetite seems most intimately related. The structural features of 
the ore bodies are described, including a discussion of the forms 
of the ore bodies, and deformation. The character of the magnetite 
is considered, and a conception of the processes involved in the 
formation of the ores is set forth. 


DISTRIBUTION 

With a few exceptions the magnetite deposits of southeastern 
New York are confined to definite belts and zones which are parallel 
to the general trend of the rock-structure. The broadest belt, in 
Orange county, forms part of a much larger ore-zone extending into 
New Jersey on the south and northeastwardly to the Hudson river. 
Within this broad zone are subsidiary belts along which numerous 
old pits, open cuts and shafts may be found. Considerable ore has 
been taken from these old workings in the past. 

In Putnam county, east of the Hudson river, the magnetite deposits 
fall into three belts; one, the Phillips “ vein,’ beginning just north 
of the Cold Spring (or Carmel) road 7 miles east of Cold Spring, 
extends southeastwardly along Canopus creek through Dennytown 
as far as Travis Corners, a distance of about 7 miles. Another and 
smaller belt begins about 114 miles west of Oscawana Corners in 
Sprout Brook valley, extending for about 3 miles southwestwardly 
along Sprout brook, and into Westchester county. 

A third belt, beginning in the city of Brewster, may be traced south- 
westwardly for almost 5 miles, passing through Croton Falls, in 
Westchester county, and ending about three-fourths of a mile south- 
west of that village. 

In addition to these belts there are random occurrences of 
magnetite both in Orange and in Putnam counties which appear to 
have no special relation to the belts or zones of magnetite just 
mentioned, and which seem to be isolated deposits. 
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The magnetite belts are not continuous bands of magnetite; they 
are merely directions, parallel with the structure of the country rock, 
along which are disconnected bodies of minable magnetite. The 
deposits may be grouped as follows: (A) The Orange County 
zone, (B) the Phillips belt, (C) the Sprout Brook belt, (D) the 
Brewster belt, and Isolated deposits, both in Orange and in Putnam 
counties. (See plate 1, index map.) 


A ORANGE COUNTY ZONE 


This zone may be more conveniently described as consisting of 
several groups of mines and pits developed along shorter subsidiary 
belts, together with a number of more or less isolated deposits, 
some of which appear not to be related to the belts just mentioned. 
The mines and openings included within this zone are as follows: 

1 The Sterling group consists of the Lake, Sterling, Steele, Craw- 
ford, Upper California, Lower California, Summit, Tip-Top, 
Brennan and Whitehead mines, lying along a belt that begins near 
the New Jersey state line and which extends about 5 miles to and 
beyond Sterling lake. The Steele mine lies on a ridge at an elevation 
three-fourths of a mile west of Sterling Furnace. The Crawford 
mine is about three-fourths of a mile northeast of the Steele, in the 
same line of strike; it is located near the base of the succeeding ridge, 
in which also lies the Brennan pit, about one-fourth of a mile west 
of the Crawford. 

The Upper Califorma and Lower California mines are located 
about 7000 feet farther north on the south side of the ridge on which 
the Sterling and Lake deposits outcrop; the Upper California lies at 
the base of the ridge, whereas the Lower California is situated a few 
hundred feet southeast, in a swamp near the road. 

The Summit mine is on the northwest side of the same ridge, a 
little less than one-half of a mile from the Upper California, and 
the Tip-Top mine is on the very summit of the ridge, overlooking 
Sterling Lake. 

The Lake and Sterling ore bodies outcrop on the north side of 
the ridge at the foot of Sterling lake, and extend under the lake. 
The slopes of these two mines are about 500 feet apart on the sur- 
face. 

The Whitehead mine lies about 2200 feet south of Sterling lake, 
between the highway and the track of the Sterling Mountain Rail- 
road. (See fig. 6.) 
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2 The Scott group. About 1% miles east of Sterling lake, and 
approximately 2 miles northeast of the Lake and Sterling mines, a 
series of workings were opened along two adjacent belts of magnetite 
630 feet apart, and slightly. converging toward the northeast. Their 
continuity has been disturbed by faulting, which has affected the 
original strike of the two bands. 

The Crossway mine is located at the southern end of the westerly 
belt, just north of the highway. The Patterson mine lies about 600 
feet northeast; it is offset toward the east about 250 feet, and the 
Mountain mine, which may be considered as an extension of it, lies 
a few hundred feet farther north along the same belt. 

The shaft of the Smith mine lies 1310 feet north of the Mountain 
mine workings in the same general line of strike. No additional 
openings were ever made on this westerly belt, but if a line be 
extended from the shaft of the Smith mine northeastwardly in the 
direction of strike, it will intersect a line projected northwestwardly 
along the strike of the northernmost pit of the Long mine, lying on 
the easterly belt. Moreover, dip-needle readings indicate a curving 
line of strike at this point, so it appears probable that this double 
belt of magnetite, although disturbed in continuity by faulting, is 
parabola-shaped with the apex pointing northeast; it is difficult to 
confirm this because of swampy ground and lack of outcrops at 
critical places. 

The easterly belt, which for reasons cited above, is judged by the 
writer to represent the easterly limb of an inherited pitching fold, 
and hence structurally obscure, contains at its northernmost limits 
the Long mine, just mentioned. The strike along the axes of the 
pits of this mine shifts from about 5° east of north at the southern- 
most opening to about 30° west of north at the northernmost open- 
ing, with corresponding changes in dip. The same oblique fault 
which offsets the Crossway and Mountain mines seems to have off- 
set, in like manner the Long and the Scott ore bodies. 

The old shaft of the Scott mine is situated about 2800 feet south 
and 1400 feet west of the south end of the Long workings. 

The Cook mine lies directly southwest of the Scott, along the 
same line of strike; the Cook shaft is 900 feet southwest of the 
Scott shaft. 

These two mines have underground connections. The most south- 
erly mine on this belt is the Augusta, some 1400 feet southwest of 
the Cook. The Hard and the Middle mines are mere prospect pits. 


(See fig. 9.) 
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3 The Red-back belt. About 1% miles south of the Augusta 
mine, and three-fourths of a mile directly west of the south end of 
Tuxedo lake is a band of ore more than a mile in length, marked 
along the outcrop by a reddish color which arises from the oxidation 
of the iron sulphides that are mixed in small proportion with the 
magnetite. 

One mine, called the Red-back, was opened in this belt. 

4 Bering and Morehead. Approximately three-fourths of a 
mile northwest of Sloatsburg, in Rockland county, and about one- 
fourth of a mile north of the highway, lies the Bering mine. Just 
over the county line, in Orange county, and three-fourths of a mile 
northwest of the Bering is the Morehead mine. But little is known 
of these two old mines; both seem to be isolated occurrences not 
directly connected with the more specific belts of ore already 
mentioned. 

5 The Greenwood group. This group of old mines occupies 
state land (park reservation), and is therefore closed to exploitation. 
The mines were not visited by the writer for that reason. The 
group consisted of the Hogencamp, Sure-bridge, Pine Swamp, 
Greenwood, Cunningham and Alice; they lie about 5 miles north 
of Arden, and were worked as open cuts. They have been closed 
many years, the Hogencamp being the only one in operation between 
1870 and 1880. 

6 The Forest of Dean group. The chief member of this group 
is the Forest of Dean mine, one of the oldest in the Highlands. It 
lies about 5 miles west of Fort Montgomery, just east of the state 
road, and approximately 16 miles northeast of Sterling lake. 

The Forest of Dean mine, and the Lake and the Scott, of the 
Sterling-Scott group, are the only mines now operative in south- 
eastern New York. The other members of the group are the Tower, 
Wetherby and “ Rattlesnake”; of these, the Tower is the only one 
of importance. It lies about 2 miles northeast of the Forest of 
Dean mine and 1 mile southeast of Long pond. The Wetherby is an 
old opening in the gneiss about 11% miles south, and slightly to the 
west, of Forest of Dean, at an elevation of about tooo feet on the 
western slope of the ridge which bounds Deep Hollow on its eastern 
side. The “ Rattlesnake” is an old hole in the gneiss about one- 
fourth of a mile southeast of Mine lake, near Forest of Dean. 

7 The Warwick group. One of the smaller subsidiary belts 
of the Orange county zone lies along the ridge of gneiss locally 
known as Warwick mountain, of which Rocky hill forms a part. 
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The old openings known as the Standish, Parrott and Raynor mines 
are situated on either side of the east fork of the highway which 
runs southerly from Warwick. They are about 2 miles south of 
Warwick, on the summit of the ridge and about one-fourth of a 
mile from the road. The Standish openings are north of the road, 
the Raynor, and the Parrott lying south of the road. 

8 Isolated occurrences in Orange county. Bull mine. On 
the summit of an isolated hill of gneiss locally known as Bull hill, 
1% miles northeast of Oxford Depot, lies the Bul] mine. Bull hill 
1s One of the most westerly of the detached hills of gneiss which 
are surrounded on all sides by Cambro-Ordovician sediments. It 
owes its position to faulting, A “wedge inlier,” according to 
Charles P. Berkey and Miss Holzwasser,” or an “ inlier caused by 
diastrophism’”’ according to Ruedemann.°® About 134 miles south- 
west of Monroe and one-half of a mile southeast of the east shore 
of Round pond lies the Clove mine, at an elevation of about 740 
feet. The old openings were sunk through the drift to rock in a 
low, drift-covered hill of gneiss. 

Three miles south of Monroe and about 134 miles southeast of 
the Clove mine, occur the old open cuts known as the O’Neill (or 
Nail) and Forshee mines. The open cut of the O’Neill mine is just 
a few hundred feet southwest of a recently constructed road which 
forks southeastwardly from the highway leading to Lake Mom- 
basha, about 1%4 miles northeast of the lake. The Forshee mine is 
situated on the southeast side of the hill directly southwest of the 
O’Neill mine, about one-half of a mile of it. These old openings 
may lie along the same belt of ore, but the belt is short and the 
magnetite bodies are separated by a considerable interval. 

One mile west and slightly north of the Forshee mine, about one- 
fourth of a mile west of the north end of Lake Mombasha, is a 
small opening known as the Mombasha mine. There are, in addi- 
tion, a number of other openings in various places in the county, 
none of which are of any consequence as possible sources of iron- 
ore, and most of which are mere prospect pits. 


Belts in Putnam and Westchester counties 
Bi DHESEHIEEIPS® BELT 
The northernmost group of workings situated on this very per- 
sistent belt of magnetite is the Canada Mines group. The old 
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workings comprising this group lie chiefly south of the Carmel, or 
Cold Spring, road, about 7 miles east of Cold Spring. They con- 
sist of cuts and pits opened along the outcrop, about a mile in length. 
The ore pinches out at the southern end of the workings, low 
swampy ground intervening between the Canada pits and the con- 
tinuation of the ore belt to the southwest. 

After an apparently barren interval of about a mile the ore con- 
tinues in the same direction; it was quite extensively mined at this 
point, the workings being known as the Sunk or Stewort mines. 
The ore was worked nearly rooo feet along the strike, and to a 
depth of 300 feet. 

The further exploration of the belt to the southwest resulted in 
the opening of the Sackett, Pratt and Denny mines, situated along 
the belt in the order named. The Pratt and Sackett mines are offset 
from the Sunk mine by a transverse fault of small throw. The 
openings are just north of the road leading from Dennytown to 
Canopus creek; they consist chiefly of a series of open cuts extend- 
ing for 300 feet or more; the Sackett workings are just north of 
the road, the Pratt pits lying south of it. 

About one-fourth of a mile southwest of the Pratt workings, and 
on the crest of the hill, lie the Denny pits; the workings seem to 
indicate a greater irregularity in the mode of occurrence of the mag- 
netite than is the case in the other mines in this belt. (See fig. 11.) 

The Canopus mine. About 3 miles to the southwest of the Denny 
workings but in the same line of strike, an occurrence of magnetite 
at Travis Corners forms what may be considered the extreme 
southern end of the Phillips belt. The property was prospected 
many years ago, being known at one time as the Nelson mine, but 
called, by the company last operating it, the Canopus mine. 

No further extension of the Phillips belt to the southwest has been 
discovered. 


C THE SPROUT BROOK BELT 


There are two old mines located along this “ belt” of ore. They 
might possibly be more correctly placed in the group of isolated 
occurrences, were it not for the fact that they lie in the same gen- 
eral line of strike and have certain features in common. Provided 
these mines be considered as lying at the extremities of the belt, and 
to delimit it, then the Sprout Brook belt represents a direction some 
3 miles in length, at each end of which is located a mine from which 
more or less magnetite has been taken in the past. 
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The Croft mine occupies the northern end of the belt. It is situ- 
ated about 1% miles west of Oscawana Corners, on the eastern flank 
of the ridge overlooking Sprout brook, on the western side of the 
valley. A 

The Todd mine is at the southern end of the belt, in Westchester 
county, a little less than 3 miles directly north of Peekskill, and 3 
miles southwest of the Croft mine. It likewise is on the eastern 
flank of a hill overlooking Sprout brook. 


D THE BREWSTER BELT 

The northern end of the Brewster belt begins essentially in the 
city of Brewster, where two mines were formerly operated. One 
was opened in the base of the hill directly west of the railroad sta- 
tion, the other was located just back of the Brewster House. All 
traces of the workings have been removed, and nothing now remains 
to suggest that these mines ever existed. 

The Croton magnetic iron-ore mines comprise the combined work- 
ing of the Theall and the McCollum mines, which are located on the 
opposite sides of a ridge, on what is presumably the same ore body. 
The Theall mine lies about 2% miles southwest of Brewster along 
the Harlem division of the New York Central Railroad, about three- 
eighths of a mile directly west of the track. The mines are on the 
opposite sides of a hill with a connecting tunnel between them, the 
northern opening representing the Theall mine, the McCollum mine 
being on the other side of the hill about one-half of a mile south- 
west. 

Along the same line of strike, at the southern end of the Brewster 
belt, about three-fourths of a mile southwest of the village of Croton 
Falls in Westchester county, is an opening called the Clover Hill 
mine, from which more or less ore has been extracted in the past. 
The mine is situated on the east slope of a hill, about one-fourth of 
a mile west of the highway, on the Butler property. 


E ISOLATED OCCURRENCES IN PUTNAM COUNTY 

Aside from a number of prospect pits and holes not sufficiently 
important to mention, there are two ore bodies in Putnam county 
which do not seem to be connected with the well-defined ore-belts 
just mentioned. One of these is the Tilly Foster ore body, the other 
is the Mahopac. 

The Tilly Foster mine is situated about 2 miles northwest of the 
city of Brewster on a promontory which projects into the lake at 
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the north end of Middle Branch reservoir. Nothing is visible of 
this famous old mine but a small pond and the surrounding dump, 
which is now more or less overgrown with vegetation. 

The Mahopac mine, equally noncommittal as to surface appear- 
ances, is situated near the highway leading to Kent Cliffs, about 
three-eighths of a mile to the north, and the same distance to the 
west, of Kirk lake. 

It is about 134 miles north of Mahopac falls, and 7 or 8 miles 
west of Brewster. 

The underground workings were of considerable extent, but the 
mine caved near the entrance, and water has filled the depression, 
forming a small pond, which is all that is visible of the mine today. 
(See fig. 13.) 

Geologic relations of the ores. The associated rocks. The 
magnetite bodies of the Highlands are so intimately related to the 
rocks associated with them that a thorough understanding of their 
origin, habit, history and character is possible only provided the 
complex geology of the region is itself comprehended. 

This has been somewhat briefly mentioned in the discussion of 
the general geologic setting (pages 31-40), but it seems best to 
enlarge upon the discussion a little, even at the risk of repetition, 
not only because of the extreme importance of the relationships 
between the ore and its associated rocks, but also in order to estab- 
lish rock names which will serve to identify the various units and 
mixed types most intimately connected with the magnetite, so that 
the descriptions of the various mines may be more intelligently 
followed. 

The Grenville, The oldest formation of the region is a series of 
intensely metamorphosed, strongly folded rocks largely of fragmental 
origin; these consisted originally of a succession of lime- 
stones, sandstones, argillaceous, silicious and calcareous shales and 
smaller interbedded lenses of limestone of varying degrees of purity. 
The extent and thickness of these sediments is not definitely known. 

It is important to emphasize, however, that according to such field 
evidence as the writer has been able to gather, these rocks suffered 
regional deformation, resulting in profound metamorphism and 
folding, before the intrusion of the various magmatic units which 
laier invaded them; this series may be correlated tentatively with 
the Grenville. As previously mentioned, the rocks of this series are 
seldom found in unmixed development in the Highlands of south- 
eastern New York because they have been so thoroughly impreg- 
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nated and injected by magmatic material. Xenolithic masses and 
roof-pendants maintaining the regional strike, swamped in the 
invading igneous units, are commonly all that remain of the meta- 
morphosed Grenville sediments in the area under discussion. In 
some places, however, interbedded limestones and limestone beds, 
now highly metamorphosed crystalline dolomites, seemed more 
resistant to lit-par-lit injection than the associated schists, and 
accordingly were less affected and better preserved. Such, for 
example, as the Sprout Brook limestone in Putnam county, the 
interbedded crystalline limestone just west of the Forest of Dean 
mine in Orange county which pitches under Lake Popolopen, and 
other occurrences of crystalline dolomite in the same region. In 
general, however, the Grenville is represented by detached masses 
swamped in later igneous intrusives. 

The most striking and most important thing in connection with 
the Grenville is the evidence of strong structural control which this 
metamorphosed series of ancient sediments exerted on the later 
magmatic units which invaded it; for not only were the banded 
gneisses produced by the soaking and Jit-par-lit injection of the 
Grenville schists, but the shapes and structures of the ore bodies 
themselves were in large part inherited from the rock which, by 
magmatic processes, was replaced by magnetite. 

The term “ Grenville,’ therefore, is used in this discussion to 
designate the highly metamorphosed, folded series of schists, quartz- 
ites, crystalline dolomites, interbedded crystalline dolomites and 
amphibolites of “Archaeozic” time, only remnants of which, in 
unmodified exposures, now exist. 


POST-GRENVILLE, EARLY PRECAMBRIAN IGNEOUS 
INTRUSIVES 

The Pochuck. The earliest of the magmatic units to intrude 
the Grenville series was a basic igneous magma which is now repre- 
sented in its simplest form by material with the general composition 
of pyroxenite, although it varies slightly from place to place and is 
very limited in extent and distribution. Part of the footwall of an 
open cut leading into the slope of the Clove mine *” is hornblende 
pyroxenite, the hanging wall being in part hornblendite (plate 1). 
The footwall of the Red-back mine is in part pyroxenite and 
pyroxenite may be found on the dumps of the Upper California, 


97 The mine itself is full of water and inaccessible. The same condition 
prevails in all the old mines, and in most of the open cuts. 
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Crossway, Parrott, and O’Neill mines. . Intimately connected with 
the basic phase and probably derived from it by differentiation is an 
extensive series of pegmatites whose compositional range varies from 
dioritic to syenitic, with which is associated the magnetite. The 
pegmatites occur in all textural gradations from coarse, highly 
feldspathic, typical pegmatites of dioritic, monzonitic and syenitic 
compositions, to granitoid rocks which are essentially diorites and 
syenites, but which grade erratically into coarser and more typical 
pegmatitic facies in places. These are always most intimately asso- 
ciated with one another and with the magnetite, and are therefore 
especially prominent in and around the mines, forming in every 
instance parts of the wall of the ore bodies (see plates 2 and 3). 

The dioritic facies of the Pochuck is characterized by a brilliant 
green pleochroic pyroxene, plagioclase feldspar ranging from oligo- 
clase to andesine, magnetite in end-phase consolidation relationship, 
with occasionally antiperthite and quartz as minor components. 

The syenitic facies of the Pochuck in many cases might well be 
regarded as a more acid varietal phase of the dioritic facies. The 
feldspars are chiefly, and in some cases wholly, acid plagioclase 
ranging from albite to albite-oligoclase; if perthite appears it is 
usually antiperthite. Quartz not infrequently is present as an acces- 
sory mineral, and titanite as a rather prominent accessory is common 
to both the syenitic and dioritic phases of the Pochuck. 

Provided these two types are classified on the basis of dominant 
plagioclase, regardless of its composition, then both these varietal 
facies of the Pochuck may properly be called diorites; if on the 
other hand a division is made on the basis of dominant alkali feld- 
spar (albite) as contrasted with dominant calci-alkalic feldspar 
(oligoclase-andesine), then the albite-rich variety may properly be 
considered a soda-syenite; these are the distinctions made by the 
writer. 

By the term “ Pochuck,” therefore, is meant the unmixed igneous 
phase of the earliest basic intrusive into the Grenville series. As 
used by the writer the term includes pyroxenite, hornblendite, 
peridotite, diorite, soda-syenite, the associated extensively developed 
pegmatites with their co-related magnetites, and a peculiar coarse 
“oranite,” later described. 

The “Pochuck-Grenville.” The most extensive development 
of the “ Pochuck” is not simple, unmixed igneous rock, but a mixed 
Grenville-Pochuck type which owes its character in part to (a) the 
powerfully penetrating and “ soaking” ability of the dioritic and 
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syenitic facies of the Pochuck proper, which invaded, soaked, pene- 
trated, and thoroughly impregnated the previously folded and meta- 
morphosed Grenville sediments; and in part to (b) the strong struc- 
tural control exerted by the.folded and metamorphosed sediments on 
the invading igneous magma, so that the original foliated habit of 
the Grenville, and in large part even the folded structures, were 
retained, or inherited, by the mixed resultant of the intrusion. The 
dark, coarse, strongly foliated and streaked, strongly biotitic and 
hornblendic rocks arising from this process have been called “ horn- 
blendic gneiss” by the older geologists, and ‘“ Pochuck Gneiss ” °* 
by the geologists working in the adjacent Highlands area in New 
Jersey. 

The writer believes both field and petrographic evidence indicates 
that the impregnation and “soaking” of the Grenville was the 
earliest expression of magmatic invasion by the Pochuck; that the 
unmixed exposures of igneous origin already mentioned, with the 
associated pegmatites, represent the closing stages of such invasion, 
and in that sense later; that the pegmatites and the associated mag- 
netite are differentiation products concentrated im essentially aqueo- 
igneous solution and as an elimination residuum produced through 
the action of selective crystallization; and that the extreme, ultimate 
end product of this action was quartz with more or less soda-feld- 
spar, which in the immediate vicinity of the ore bodies is found in a 
purer form as a very coarse quartz-feldspar granite (Pochuck 
granite), but which is rather widely distributed involved with 
Pochuck-Grenville. (Plates 2, 3 and 4 illustrate the types.) 

Modified Pochuck-Grenville. In many places the mixed, 
strongly foliated, highly biotitic or hornblendic Pochuck-Grenville 
has been further modified by lit-par-lit injections of lighter colored 
feldspathic or granitic matters, combined in some cases with 
epidote, with the consequent production of banded injection- 
gneisses, epidote gneisses and granitized products; these modified, 
injected and banded rocks are highly complex in structure, history 
and origin, but nevertheless perfectly understandable provided one 
follows their development step by step as resulting through the 


9 Wolff, J. E., & Brooks, A. H. 18th Annual Rep’t U. S. G. S. pt II, 
1896-97; Washington, 1898; p. 440. The name “ Pochuck ” was first used 
by these writers in describing the rocks of Pochuck mountain. See also, 
Bayley, W. S., Iron Mines and Mining in New Jersey, v. 7 of the final 
report series of the State Geologist, 1910; Geologic Folios, U. S. G. S. 157, 
161, 191, and Folios 1 and 2, Geol. Atlas of N. J. 
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operations of the processes outlined above. The many different 
types of banded, injected gneisses encountered are due in large part 
to the originally variable habit and composition of the previously 
metamorphosed Grenville sediments subjected to these processes. 
The term “ Modified Pochuck-Grenville” includes, therefore, (@) 
pegmatized Pochuck-Grenville, (b) epidotized Pochuck-Grenville, 
(c) granitized Pochuck-Grenville, and all banded and injection 
modifications in general. (See plate 4, and plate 6, figure 4.) 


THE GRANITES 


Pochuck Granite. Almost invariably extremely coarse, white 
or light-colored, highly quartzitic and more or less feldspathic rocks 
are associated with the ore bodies, not infrequently forming parts of 
the walls, and commonly outcropping in the immediate vicinity of, 
and lying along the trend of the ore. Such, for example, as the 
light-colored, coarse granite adjacent to the footwall of the Forest 
of Dean mine, forming a part of the little hill just west of the 
shaft house; and the same type of granite in the immediate vicinities 
of the Clove, O’Neill, Bering, Denny, Lake and other mines, usually 
found close to or along the walls of the open cuts, or the walls of 
the ore bodies, or in their vicinity. 

Farther removed from the immediate vicinity of the magnetite 
bodies the same type of granite may be observed, always much more 
involved, however, with the Pochuck-Grenville, and more exten- 
sively distributed than has commonly been supposed. 

The writer first tried to correlate these coarse granites with the 
Canada Hill granite of Berkey and Rice,*® but a critical examination 
of their modes of occurrence, distribution and petrographic habit, 
and a comparison of them with the established types of the Canada 
Hill, seemed to prove the nonrelationship of the two. 

Because of the constant and intimate association of these coarse 
granites in their purer form with the ore bodies, and because of 
certain peculiar petrographic characters, it is judged that they are 
genetically related to the magnetite, and are a product of the ulti- 
mate extreme end-phase selective crystallization (elimination resi- 
duum) of the Pochuck magma. That is, they are the ultimate 
product, in part, of extreme differentiation, representing the highly 
quartzitic, more or less feldspathic, last remaining mother liquor. It 
is conceivable, also, that some of the quartz might have been derived 


99 Berkey, C. P., & Rice, Marion. Geology of the West Point d 1 
N. Y. State Mus. Bul. 225-226. Caadrasnae. 
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from the rock (Pochuck-Grenville) which the magnetite, by mag- 
matic processes, replaced; some of the feldspar and the ferromag- 
nesians have certainly been so derived. The evidence for this is 
based on the distribution, mode of occurrence and association of 
these rocks, and on the fact that petrographic study shows them to 
contain a vast amount of quartz in extremely coarse grains of uni- 
form optical orientation, which acts as a matrix for corroded and 
sericitized fragments and bunched aggregates of feldspar (chiefly 
plagioclase), corroded and altered ferromagnesians, and corroded 
and altered complex fragments, whose distribution and whose mar- 
ginal relations to the quartz are not such as to suggest consecutive 
crystallization from the same parent magma, but which behave as 
xenolithic fragments more or less affected by the aqueo-igneous 
solutions which gave rise to the quartz. 

This granite, closely related to the magnetites and an end-phase 
of them, involved to a greater or less degree with the Pochuck- 
Grenville, judged to be the very ultimate differentiation product of 
the Pochuck magma; corrosive, insidious and pervasive in character, 
and much more extensively distributed than commonly supposed, 
has been called by the writer the “Pochuck granite.’ Plate 2, 
figure 4, plate 3, figure 2, plate 4, figure 4 and plate 5, figure 4 
illustrate some of the characteristics of this granite. Much of the 
feldspar, and essentially all of the ferromagnesian minerals, are 
simply swamped, sericitized, epidotized, uralitized and carbonated 
remnants of the rock through and into which the final mother liquor 
found its way. 

The rocks associated with the ore bodies exhibit all gradations 
from unmodified Pochuck-Grenville, to granitized, highly grani- 
tized, and intensely granitized products and finally granite. 

Canada Hill granite. There are other granite masses, not re- 
lated to the magnetite at all, of sufficient extent to be considered 
individual units, which cut the Pochuck and its various modifica- 
tions and which are therefore very distinctly later. From the field 
occurrences, extent and lithologic similarity these granites may be 
tentatively correlated with the Canada Hill granite ’°° of the West 
Point quadrangle. A granite of this character of considerable 
extent occurs about one-half of a mile north of the O’Neill mine, 
well exposed along the highway leading to Lake Mombasha; its 
associated syntectic may be found at Round pond about 1% miles 


100 Berkey, Charles P., & Rice, Marion. Geology of the West Point Quad- 
rangle. N. Y. State Mus. Bul. 225-226. 
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northwest of the exposure mentioned. Neither in field relations nor 
lithologically does it resemble the coarse granites associated with the 
ore (see plate 5, figs. 2 and 3), and otherwise distributed in less pure 
form, involved with the Pochuck-Grenville. 

The Storm King granite. The latest of the granite intrusives 
(the Storm King granite), while recognizable and more or less easily 
differentiated by its lithologic character from the rest of the mem- 
bers of the Highlands complex, is not connected with the origin of 
the ores and is therefore of no importance so far as the magnetites 
are concerned. 

From the foregoing it will be seen that the rocks most intimately 
connected with the ore are those included in the Pochuck and its 
various modifications,* and that they owe their origin and complex 
character to the extensive differentiation of a basic magma and to 
the invasion and impregnation of an ancient series of metamor- 
phosed and folded sediments by that magma and its differentiates, 
supplemented by later granitic intrusions of the Canada Hill and 
the Storm King types. 

I The Pochuck (igneous) 
Pyroxenites, hornblendites (rare) 
Diorites, with pegmatitic facies 
Syenites with pegmatitic facies 


The magnetites and associated products 
The Pochuck granite 


eaaees 


The 
Pochuck Il The Pochuck-Grenville 
Gneiss Previously folded and metamorphosed Grenville sediments 
so extensively impregnated with the dioritic and syenitic 
bs of the Pochuck that their original character is 
obscure. 


III Modified Pochuck—-Grenville 
Pochuck-Grenville of II pegmatized and granitized both 
by Benth seeps and /it-par-lit injection. (Injection 
gneiss). 


1 Pochuck granite 
Intensely granitized Pochuck—Grenville 
The 2 Canada Hill granite (a magmatic unit) 
Granites 3 Storm King granite (a magmatic unit) 
Later Precambrian basic dikes 


10 The writer believes that the “Losee gneiss” of the New Jersey High- 
lands may be merely a differentiation product of the Pochuck. Exposures of 
types equivalent in extent and character to the Losee and Byram gneisses of 
the adjacent Highlands area in New Jersey have not been recognized in 
southeastern New York in the territory covered by the writer. 
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STRUCTURAL FEATURES OF THE MAGNETITE 

Form of the ore bodies. It has been generally stated that the 
magnetite ore bodies in the Highlands of the Hudson, in the Adiron- 
dacks, and in other localities where magnetite occurs as minable 
bodies in the Precambrian crystalline rocks, are pod-shaped lenses 
or shoots with the longitudinal planes of the pods dipping parallel 
to the dip of the “layers” of the inclosing gneisses; and with the 
longer axes of the “pods” or “lenses” pitching with the pitch of 
the rock structure.*°? In some cases several “pods” or “shoots” 
lie in the same plane, edgewise one above another, separated by com- 
paratively barren rock. 

These features are illustrated diagrammatically in figure 2, which 
is a slightly modified copy of the one shown on page 24, folio 157, 
U.S. G. S. The rock immediately overlying the crest of a pod is 
called the “cap rock,” and that underlying the pod, along the keel, 
is known as the “bottom rock.’ Where two pods or shoots lie one 
above the other in the same “ vein,” the cap rock of the lower is 
essentially the bottom rock of the upper; this relatively barren rock, 
between two such lenses or pods of ore is also known as a “ pinch.” 
Pinches, however, are never absolutely barren; the ore body in some 
cases merely narrows, reducing the width to a few inches, or a few 
feet, but usually the intervening rock, or pinch, is traversed by many 
narrow stringers of magnetite which connect the lenses or pods with 
one another. The pinches may be any of the various modifications 
of the Pochuck, previously enumerated. 

The forms of the magnetite ore bodies in the Highlands of south- 
eastern New York are by no means so simple, however, and most 
of them do not conform to the podlike or lenticular-shaped deposits 
described above, except in very general details. The surface ex- 
posures of these ore bodies give absolutely no clue to the form of 
the mass of magnetite, so that the exact shapes can be determined 
only after sufficient development, or actual mining, has been done to 
outline the cross section and reveal the dimensions. 

While many of the ore bodies are essentially tabular, they are 
extremely irregular; some are warped and corrugated, like the ore 
bodies in the Lake and Sterling mines; some split and fork, divided, 
or partly divided, by blocks and horses of the country rock, which 
may be extraordinarily persistent, as in the Forest of Dean 


102 Folios 157 and 161, U. S. G. S. 1908; Geol. Atlas N. J. 1 and 2, 1908; 
N. Y. State Mus. Bul. 119, 1908. Iron Mines and Mining in N. J., v. VII. 
Final Report Series, 1910. Folio 191, U. S. G. S. 1914. Bul. 450, U. S. G. S. 
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Fig. 2 Slightly modified from diagrams shown in U. S. G. 


S:_ | Foliosrsy: 
Plan and cross sections of ideal ‘ 


‘pods” or “lenses” of magnetite. The 
cross sections are taken in the plane of foliation, parallel to the strike of 


the ore body, and at right angles to it, in an attempt to illustrate the terins, 
BADIECHI ye nc diay. 1s pinches,” “cap” and “bottom” rock, and hanging and 
footwall. Few of the magnetite bodies in southeast New York have this 


ideal form. (a) represents plan; (b) is a cross section along BB in (a), 
and (c) is a cross section transverse to the strike. 
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mine (figure 3). Other ore bodies are merely mixtures of ore alter- 
nating with country rock, of such a character that the unmixed, 
solid ore may not be more than a few feet in thickness, although the 
ore zone may be one hundred or more feet wide. In some cases 
there is more than one “vein” or “ bed,’ which may be worked 
through a single shaft, as in the Mahopac mine (fig. 13); others 
are irregular, shapeless masses, only approaching a lenticular or pod- 
like form, as was the Tilly Foster ore body.2® 

Moreover, the ore does not always accord strictly with the struc- 
ture of the inclosing country rock, as has so frequently been stated ; 
in many cases the ore cuts the rock structure in tongues and in nar- 
row dikes, so that an abrupt, clean separation between ore and ore- 
free wall rock does not always exist (figure 4). Where there is 
more than one “shoot” of ore, the separate bodies at times merge 
into one another at different levels, as was the case in the Mahopac 
mine. In short, the forms of the ore bodies are purely 
adventitious and are dependent, according to the writer’s belief, on 
(a) preexisting structures in the Grenville, which were inherited in 
part by the Pochuck, and which determined the course of replace- 
ment to a large degree, and (0) the composition of the Grenville; 
where highly calcareous, or where actual interbedded limestone 
lenses happened to lie in channels of activity, there the character of 
the deposits closely approached contact-metamorphic types with the 
production of garnet, chondrodite, spinel, tourmaline, and other 
typical contact minerals, mixed with the ore, as at the Tilly Foster, 
Mahopac, Croft, Todd, O’Neill, Forshee, and to a less degree the 
Red-back, and other mines. The shapes in these cases were deter- 
mined by the structures in the calcareous lenses replaced, the 
intensity of the mineralizing processes and the quality of the Gren- 
ville or Pochuck-Grenville which was invaded. 

Folds. No field evidence has been found to substantiate the 
belief that the iron ores and their containing rocks have ever been 
intensely folded since the formation ore bodies. 

There is sufficient evidence, however, to show that the Grenville 
rocks were intensely metamorphosed and strongly folded before the 
invasion of the igneous masses which so profoundly changed the 
Grenville strata and which were responsible for the deposition of 
the magnetite. 


108 Wendt, A. F. The Iron Mines of Putnam County, N. Y. Trans. A. I. 
M. E. v. XIII, p. 478-88. 1884-85. 

Ruttman, F. S. Notes on the Geology of the Tilly Foster Ore-body, Put- 
nam County, N. Y. Trans. A. I. M. E. v. XV, p. 79-0. 1886-87. 
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Any structures suggestive of folding, either in the rocks as now 
exposed, or in the magnetite bodies themselves, must have been 
inherited in large part from the Grenville, provided the foregoing 
conception is correct; these structures have already been spoken of. 
Geologists who have studied the problems of the Precambrian rocks 
in the Adirondacks generally agree that these rocks present evidence 
of compression and metamorphism.?°* 

Similarly most of those who have studied the complex geology 
of the Highlands of New York and New Jersey, believe that 
the remnants of the Grenville found in these areas exhibit evi- 
dence of folding.*°° On the other hand, a few of the geologists 
who have worked in this region are inclined to be noncommital in 
their expressions of opinion with respect to folded structures in the 
Grenville; they assign an igneous origin to the gneisses and explain 
the foliation by movement in the still pasty or semimolten igneous 
mass, but make a distinction between “ structural foliation’ and 
“textural foliation.” *°° “ Structural foliation” is explained as the 
“interlayering of different varieties of rock,” and the “ orientation 
of component mineral grains ”; “textural foliation” is explained as 
the development of a sort of parallel structure during consolidation 
under flowage conditions. Miller *°’ later reversed his opinion as 


10¢ Kemp, J. F. Annual Rep’t State Geol. 1893-95-07; also N. Y. State 
Mus. Bul. 14-21-119, 138. Also forthcoming bulletins now in press. 

Newland, D. H. Annual Rep’t State Geol. 1897; also N. Y. State Mus. 
Bul. 119, and Econ. Geol. v. 2, 1907. 

Cushing, H. P. N. Y. State Mus. Bul. 95, 115, 145, 169. 

Smythe, C. H. N. Y. State Mus. Bul. 145. 

Ogilvie, I. H. N. Y. State Mus. Bul. 96. 

Martin, J. C. N. Y. State Mus. Bul. 18s. 

Alling, H. L. N. Y. State Mus. Bul. 199, also Am. Jour. Sci. (4) 48, 1919. 

Buddington, A. F. Rep’t of the Director of the State Mus. 1917. 

Miller, W. J. N. Y. State Mus. Bul. 170. 

105 Rogers, H. D. Final Rep’t Geol. N. J., 1840. 

Mather, W. W. Geol. First Geol. District, 1843. 

Ann. Rep't Geol. N. J., 1854-55-56. 

Cook, G. H. Geol. N. J., 1868. 

Ries, Heinrich. Geol. Orange Co., N. Y., Rep’t State Geol. 1895. 

Nason, F. L. Annual Rep’t State Geol. (N. J.) 1889 also Trans. A. I. 
M. E., 24, 1804. 

Wolff, J. E. Annual Rep’t State Geol. N. J., 1893. 

Berkey, C. P. N. Y. State Mus, Bul. 107, 146. 

Also abstract, Annals, N. Y. Acad. Sci., 23, 1914, and N. Y. State Mus. 
Bul. 225-226. : 

106 Bayley, W. S., in folio 157, U. S. G._S. p. 2, folio 191, p. 5. Also 
Iron Mines and Mining in New Jersey; v. VII, 1910. Final Report Series 
of the State Geologist. Bayley is a little more definite here, as he states 
“Cases where folding has been proven are extremely rare.” (p. 119). 
Spencer, A. C., in folio 161, U. S. G. S., p. 2. d 

107 Miller, W. J. Origin of Foliation in the Precambrian rocks of North- 
ern New York, Jour. Geol. 24, 1916, p. 587-619. 
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Fig. 4 Sketch near bottom of the Lake mine, showing ore and pegmatite 
cutting wall rock, and fading away in it. The intimate relation between the 
ore and the pegmatite is likewise shown. 
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_ Fig.5 Sketch at north end of drift on 2800 foot level, Lake mine, show- 
ing the roll structure and its control of the form of the magnetite. 
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to the folded condition of the Grenville in the Adirondacks, because 
he thought insufficient evidence had been accumulated to prove the 
existence of such structures. Thus he says: “ none of the published 
Adirondack maps or available data afford any reasons to believe 
that the Grenville strata were ever profoundly folded or com- 


pressed.” (p. 592) In summarizing, he adds “ . . . there is no 
known evidence within the Adirondack region that the Grenville 
strata have ever been highly folded. . . .” (p. 596) He accounts 


for the foliation as follows: “the Grenville foliation was developed 
during the crystallization of essentially horizontal strata under heavy 
load of overlying material.” (p. 597) Whatever the character of the 
structure may be in the Adirondacks and in the Highlands of New 
Jersey, there seems to be sufficient structural evidence in the High- 
lands of southeastern New York to show that: 

a The Grenville strata were intensely metamorphosed and strongly 
folded before the invasion of the igneous masses which so pro- 
foundly modified them, as previously stated; and 

b No folding of any magnitude has affected either the invaded 
complex or the ore bodies, since the ores were deposited. 

c Whatever the structures shown by the ore bodies, they were 
inherited from former structures in the rock replaced, in most cases. 
Where folds are simulated, as in the Forest of Dean mine (see 
figure 3), these are judged to represent structures inherited from 
the Pochuck-Grenville, or the Grenville, and its modifications. 

The proof of the first statement lies in the following field relations: 

1 Where the Grenville still exists in unmixed exposures folded 
structures are in most cases visible. 

2 Xenolithic blocks of Grenville schists swamped in granite, 
exhibit folded structures, but the inclosing granite shows no evi- 
dence of ever having been folded. 

3 The existence of roof-pendants of Grenville schist isolated from 
one another, all maintaining the same regional strike and the same 
steep dip; they are highly metamorphosed coarse micaceous schists, 
obviously parts of a large mass having the same characteristics in 
common with the remnants left, and whose structure was antecedent 
to the invasion of the granite. 

4 Changes in dip and strike in the modified Pochuck-Grenville 
in the vicinity of some of the ore bodies ; indicating pitching folded 
structures, inherited. Notably, on the west, south and east sides of 
Sterling lake (see fig. 6), in the vicinity of the Scott group of mines 

+g), in the vicinity of the Mahopac mine, and elsewhere. 
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5 The evidence of lit-par-lit injection and the strong structural 
control of such injections by sediments which, in order to have 
exerted such control, must have been previously strongly schistose 
and therefore highly metamorphosed, and whose foliation planes 
were inclined. Lif-par-lit injections, soaking and impregnation are 
most easily effected along planes of structural weakness, that is, 
foliation planes; it would seem therefore as though such processes 
must operate most effectually on strongly foliated, highly schistose 
and steeply dipping strata. 

6 Gneissoid structures in invading magmatic units, which repre- 
sent in part, assimilation, partial or complete, of blocks of Grenville, 
but whose products of assimilation have been very incompletely 
distributed.*°* 

The proof of the second statement lies in the structural characters 
of the rocks associated with the iron ores. Thus, granites, both 
gneissoid and massive, dioritic phases of the Pochuck, and massive 
granites and pegmatites associated with the ore show no signs of 
ever having been subjected to compressive stresses productive of 
folding. Some of the pegmatitic facies of the Pochuck were contem- 
poraneous with the ore, and at times were overlapping so that these 
phases appear both as dikes, cutting the ore, and as interfingering 
stringers in the ore. 

Not infrequently these dikes are of considerable size, and may be 
traced on the surface for some distances. They cut the rock struc- 
tures in various directions, but in not a single instance have they 
ever been affected by folding. Moreover, the latest of the Pre- 
cambrian intrusives, basic dikes cutting the modified Pochuck-Gren- 
ville, the ore, the pegmatites, and all other Precambrian magmatic 
units, varying in thickness from a few inches to a maximum of a 
few feet, show no signs of folding. From this evidence, therefore, 
it is judged that neither Taconic nor Appalachian folding have 
affected the Precambrian crystallines or the magnetite ore bodies to 
any degree, nor have the ore and its associated rocks been subjected 
to any such process since the ore was made. It follows, therefore, 
that the third statement must be reasonably correct. 

Rolls. One of the curious structural features in some of the 
mines of the Sterling group is the undulating character of the walls 
of the ore bodies, generally more pronounced in the footwalls, and 
especially prominent in the Lake and the Sterling mines. The same 


108 Berkey, C. P. & Rice, Marion. Geology of the West Point Quadrangle, 
N. Y. State Mus. Bul. 225-26. Also private communications, 
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structure occurs in the Red-back mine, and along the line of pits 
known as the Steele mine. The roll structure is not confined to the 
mines, however, but is a more or less constant structural feature 
in the area which includes the Sterling group, the Scott group, the 
Red-back belt, and the Bering and Morehead mines. 

The strikes of the axes of the rolls are variable, but in general at 
greater or less angles to the regional strike of the rock. They 
resemble small folds with very short axial directions and extremely 
steeply dipping limbs, spaced but a short distance apart from crest 
to crest; they appear to be corrugations produced by minor cross- 
folding in a previously folded series of strata. They are confined 
to the Pochuck-Grenville, and may be explained as localized cross- 
corrugations produced during the injection and impregnation of the 
folded Grenville strata by the earliest basic intrusive, the Pochuck. 
They are believed to antedate the pegmatitic differentiates of the 
Pochuck magma, and the ore. The form of the ore bodies is in 
part controlled by the rolls where they are especially prominent (see 
figure 5), and the reason why they are such striking structural 
features in the Lake and Sterling mines is probably because those 
ore bodies lie in the spoon-shaped end of a pitching syncline, where 
cross-folding would be especially effective in producing a series of 
corrugations with diverse axial directions. 

Faults. The complex faulting of the Highlands region has been 
discussed in part 1. Notwithstanding the numerous faults of both 
Appalachian and Triassic types, the main ore bodies are surprisingly 
little affected. The faults cutting the magnetite deposits are chiefly 
normal faults of Triassic age, whose horizontal displacements are 
generally toward the hanging wall side (or toward the right, when 
facing northeast). 

Both vertical displacement, or throw, and lateral displacement, or 
heave, are usually small in amount; the fault-planes generally dip 
very steeply, and the faults usually cross the ore bodies at high 
angles to the strike of the ore. The Forest of Dean ore body is 
unaffected by faulting, as is the main body of the Lake mine, pro- 
vided the zone judged by the writer to be a healed, Precambrian, 
preore fault zone, is excepted. This is described in part 4, in the 
description of the Lake mine, as the “slip-zone.” The extreme 
southerly tip of the Sterling ore body seems to have been cut by a 
normal fault which strikes approximately north 60° east. The west- 
erly extension of this fault appears to be responsible for the offset of 
the lower ore-horizon along which lie the Summit, Upper California, 
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Lower California, and Whitehead mines, and a series of prospect 
pits. 

These mines are situated along the course of the ore in a sweep- 
ing parabola, with strikes and dips shifting in a manner which 
accords with a synclinal structure pitching northeastwardly. 

The Tip-top mine may possibly represent the cut-off southerly 
end of the Lake ore body; this mine is judged to have been opened 
on the upper horizon of magnetite. 

The northeastward extension of the same fault, or possibly a 
branch of it, offsets the houghly-paralleled ore-belt in which lie the 
Crossway, Mountain, Long, Scott, Cook and Augusta mines. The 
horizontal displacement is approximately about 200 feet, but it is 
not possible to estimate the vertical displacement. 

Minor cross-faults have affected the same belt, also. Thus the 
northern end of the Scott ore body is cut by a small fault striking a 
few degrees west of north and dipping very steeply, which has 
caused a lateral displacement of about 45 feet; the Cook mine is 
similarly affected, the lateral displacement being equally small. (See 
fig. 9) 

The Crawford ore body shows a small lateral displacement, and 
the Canopus ore body has likewise been faulted, but to an unknown 
degree. 

The difficulty of determining the extent of faulting is due to the 
fact that most of the mines so affected are either mere open-cuts, 
all more or less filled and caved, or else they are inaccessible because 
they have become filled with water. In the case of the Canopus and 
the Bull mines, deformation due to faulting is reflected in the thin 
sections, which show all stages of strain and crush effects. (See 
plate 8) 

The Bull mine exhibits these features to a marked degree, as 
would be expected, since it is located in one of the “ stranded” or 
“floating”? fault blocks previously mentioned, and the ore 
body has therefore been affected both by the Appalachian thrust 
movement which carried the whole block up and over on the 
Paleozoic rocks, and the Triassic gravity-faults which subsequently 
isolated the block and which bound it on the northern, eastern and 
southern sides. 

The Standish mine of the Warwick group is cut by a fault of 
unknown magnitude at the northeast end, beyond which the ore is 
not again in evidence. The Phillips belt of magnetite, in Putnam 
county, is similarly disturbed, but the transverse faults are of small 
displacement and nowhere produce an offset of more than 50 feet. 
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The fault which cut the ore body of the Tilly Foster mine has 
been described in detail by Wendt *°° and Ruttman™°; the fault 
crossed the ore body diagonally, striking nearly north and south, 
and dipping eastward about 72°. According to Ruttman, the part 
of the ore body east of the fault was displaced in a direction 20° 
east of south and at an angle of 45° with the horizon, about 130 
feet. The horizontal movement was about go feet. (See fig. 12; 
after Wendt and Ruttman.) 

The Mahopac ore body was cut off by a fault of such magnitude 
as to cause the ultimate abandonment of the mine. The trend of the 
fault is not definitely known, as there is no evidence on the surface 
to show in what direction the fault may strike and with the exception 
of the plans and vertical sections of the ore body, redrawn from 
reproductions of old maps kindly loaned by the Ramapo Ore Com- 
pany (fig. 13) no exact information could be obtained with regard 
to the trend and magnitude of the fault. The throw is probably not 
less than 150 or 200 feet, toward the east or southeast. 

There is some evidence to indicate that the Brewster belt of 
magnetite has been similarly affected, more particularly the Clover 
Hill mine, which lies at the southern end of the belt; but here like- 
wise there are no faults of any great magnitude. 

It seems evident that in but very few instances have the magnetite 
bodies been seriously affected by deformation resulting from fault- 
ing ; even in the questionable cases such as, for example, the Mahopac 
ore body, it is the belief of the writer that properly directed 
exploratory work would locate the faulted-off portion of the ore, 
since none of the transverse faults has very great throw. It is only 
when both Appalachian and Triassic faulting have affected the ore 
bodies that a very serious situation arises, and these cases are rare. 

Character of the magnetite. The magnetite bodies of south- 
eastern New York are in general massive, hard, crystalline ores 
invariably mixed with mineral remnants, sometimes altered, of the 
rocks they have replaced; or, in the case of those deposits resulting 
from the magmatic replacement of interbedded crystalline limestone, 
the ore is mixed with typical contact minerals, some of which may 
have been produced by magmatic action during the replacement ; 
such as tremolite, chondrodite, garnet, scapolite, coccolite, spinel and 
others of similar origin. Other minerals co-related in origin to the 


109 Wendt, A. F. The Iron Mines of Putnam County, N. Y. Trans. A. I. 
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magnetite itself, and contemporaneous with it, such as apatite, tour- 
maline, calcite, quartz, pyrite, pyrrhotite, and occasionally chalcopy- 
rite, are likewise mixed with the ore. Of these apatite is the com- 
monest and most abundant. In the few deposits where apatite is 
sparingly distributed it is usual to find the sulphides increased in 
quantity, so that the amount of sulphur in these magnetites appears 
to vary inversely as the phosphorus increases. 

The more or less altered minerals, remnants of still unreplaced 
rock, which are invariably mixed with all the magnetites except those 
which have replaced crystalline limestones by magmatic processes,” 
are quartz and feldspar, both frequently sericitized; hornblende, 
pyroxene and mica, all generally more or less altered by sericitiza- 
tion, chloritization and epidotization; magnesian-bearing pyroxenes, 
which are especially subject to alteration, with fine, flaky tale and 
serpentine as the products, and occasionally leucoxenized titanite. 

See plates 6, 7, 10, 11.) 

Although the ore is, as stated, in general massive, compact and 
hard, it sometimes occurs as less coherent, granular aggregates more 
or less friable, known as “ shot ore,” and in rarer instances it is found 
crystallized in octahedra and in cubes. 

Sometimes the ore is massive, blocky, coarse and jointed, with 
planes of easy parting, so that it breaks out in straight-sided pieces; 
in zones affected by faulting the magnetite is crushed and more or 
less friable. 

When small pieces of the hard, compact, massive ores are ground 
to a plane surface and polished, it will be seen that they are com- 
posed of grains varying in diameter from 1 or 2 millimeters, in the 
dense, finely crystalline ores, up to more than 1 centimeter, in the 
coarser magnetites. Each grain is itself composed of an aggregate 
of minute crystals which have the same orientation in the individual 
grains, but each crystal aggregate will differ in orientation from the 
aggregates of adjacent grains, so that by holding the polished slab 
of ore in certain positions, light reflected from its surface will reveal 
the grain-size and varying orientations of the minute crystals com- 
posing the grains, whereas in other positions the surface looks 
structureless and uniform. This is especially true of the finely 
crystalline ores; the coarser ones have rather a prominent grain- 
difference, especially where sulphides are distributed interstitially 


11 The Tilly Foster, The Mahopac, the Croft, the Todd, the O'Neill, The 
Forshee, the Red-back (in part), are representatives of this type. 


MAGNETITE IRON DEPOSITS OF SOUTHEASTERN NEW YORK 67 


between the magnetite grains, and in the rare cases where the ores 
are sufficiently titaniferous to show intergrowths of magnetite and 
ilmenite. (Plate 11, figure 3) 

The presence of corroded, more or less altered remnants of 
various minerals (unreplaced remnants) and of minerals co-related 
in origin to the magnetite, such as apatite, interrupts the continuity 
of the magnetite to such a degree that all polished surfaces of the 
ore appear strongly pitted and irregular as to the distribution of the 
magnetite itself. This is shown in plate 11, figures 1 to 5. These 
photomicrographs were taken in direct reflected light from polished 
plates of the ore. The magnetite appears in white scattered areas, 
pitted and patchy because of the included matters mentioned. The 
irregular, corroded, smooth grayish patches are remnants of unre- 
placed silicate minerals. Figure 3, in the same group, is an etched 
slab of ore from the Canopus mine showing the distribution of 
platelike ilmenite intergrown with the magnetite. 

The chemical composition of the ores accords perfectly with the 
general make-up and habit of the magnetite as shown by the micro- 
scope. 

The writer has been unable to have chemical analyses made; some 
of the analyses that have been made in the past appear in the roth 
Census Report, and a few incomplete analyses may be found in other 
reports. From these data, and from a petrographic study of the 
ores, it appears that there are three general types of ore: (1) a 
high phosphorus, low sulphur, non-Bessemer magnetite; (2) low 
phosphorus, high sulphur ore, and (3) an intermediate type carrying 
moderate quantities of both sulphur and phosphorus, but not of 
Bessemer grade. An additional and rare type was derived from 
the Mahopac and Tilly Foster mines, low in phosphorus, low to 
moderate in sulphur, but carrying silica, lime and magnesia, as lime- 
magnesia silicates (see plate 9, figure 1, plate 14, figures 3 and 4) in 
such proportions and in such quantities as to make the ores “ self- 
fluxing.” The general composition of these four types is as fol- 


lows :"? 
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The phosphorus is derived from the apatite included in, and 
co-related in origin to the magnetite; some of it is removed during 
magnetic concentration. 

The sulphur is present as pyrite and pyrrhotite, and is likewise of 
the same origin as the magnetite. 

Mines producing high sulphur ore in the past were equipped with 
roasting furnaces which apparently disposed of the sulphur in a 
satisfactory manner. 

Unreplaced remnants of rock universally present in the ores 
(plates 7, 10, 11), consisting of quartz, sericitized and unsericitized 
feldspars, pyroxene and hornblende more or less altered, titanite 
grains, and occasionally mica, sometimes chloritized, will add small 
quantities of silica, potash and soda, alumina, lime and magnesia, 
manganese and titanium to the general composition of the magnetites ; 
but these elements, with the possible exception of silica and 
titanium, have never been reported. With the exception of a few 
complete analyses of the Tilly Foster ore, made by the chemists of 
the 1oth Census, no complete analyses of the magnetites of south- 
eastern New York have ever been published. 


THE ORIGIN OF THE MAGNETITE 
All the evidence, both field and petrographic, points to an igneous 
source for the magnetite. This is entirely in accord with the ideas 
of those geologists who have studied similar deposits in the 
Adirondack region and in the adjacent Highlands area in New 
Jersey, during the past 10 or 12 years. The writer, however, has 
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a slightly different conception of the processes which were 
responsible for the deposition of the magnetite. 

As early as 1897, J. F. Kemp™ concluded that some of the 
Adirondack magnetites were of igneous origin; he described the 
magnetite deposits at Port Henry, N. Y., as “ contact deposits formed 
by the influence and stimulus of the gabbro intrusion. Attendant on 
their (i.c., the gabbros) cooling and crystallization, the emission of 
highly heated solutions of iron and other compounds transpired, 
presumably with vapors in some degree, and these circulating along 
the various contacts gave rise. to the ore bodies. They must have 
replaced in large part the wall rocks and have made a place for the 
iron oxide in this way.” This is an exceedingly shrewd observation, 
the significance of which has been overlooked or neglected by those 
who have made later studies of the Adirondack magnetites, and 
similar deposits elsewhere. Kemp and Newland * 11 years later, 
and with additional study, still remained convinced that these ore 
bodies were derived from igneous sources. 

Miller *° likewise ascribes an igneous origin to the magnetites (of 
Clinton county), but his conception of the source of the magnetite 
seems to be at variance with the evidence presented by a study of 
the deposits in southeastern New York. According to Miller (op. 
cit.), the magnetite of Clinton county is a product of the transforma- 
tion of the hornblende and hypersthene of the older gabbro and 
metagabbro, into diallage, of lower iron content, through the action 
of the invading pegmatites. 

The slight loss in iron which the hornblende and hypersthene 
would suffer by such paraniorphic change postulates the assimilation 
of inconceivably enormous amounts of gabbro in the invading 
granite in order to account for the great deposits of magnetite 
which are known to exist. There is no evidence, in the Highlands 
of southeastern New York, that any such process was ever opera- 
tive; so far as the Adirondack deposits are concerned, Newland’s *° 
criticism of Miller’s conception seems justified. 

The New Jersey magnetites are likewise igneous in origin, accord- 
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ing to W. S. Bayley ™” and A. C. Spencer’, who have made the 
latest and most exhaustive studies of those deposits. The magnetites 
of the Brewster district, in Putnam county, New York, and the ore 
in the Forest of Dean mine, in Orange county, have been judged 
to be of magmatic origin also by Koeberlin™® and Ames.*** The 
consensus of opinion, therefore, of the students of these deposits, 
is for an igneous source. The processes operative in the formation 
of the magnetic iron ores of Putnam and Orange counties, New 
York, appear to have been: 

1 Long-continued magmatic differentiation of a basic magma of 
great extent, with the concentration of extremely mobile end-phase 
products rich in those elements which ultimately formed the 
pegmatites; rich in magnetite, rich in quartz and gaseous concentra- 
tion products, all in aqueo-igneous solution. 

2 Subdifferentiation of the concentrate itself, into pegmatite-rich 
and magnetite-rich fractions, and 

3 Transportation, in aqueo-igneous solution, of such fractions 
through the operation of stresses concomitant with batholithic 
intrusion, along directions of least resistance. 

4 The magmatic replacement, by the magnetite-rich fraction, of 
more or less calcareous phases, and in a few cases of interbedded 
limestone lenses, of the Pochuck-Grenville; the whole process sub- 
ject to the structural control of the Pochuck-Grenville. 

5 Forming magmatic-replacement deposits, or replacement deposits 
of deuteric origin. 

The feature which the writer wishes to emphasize is the power- 
fully mineralizing capacity of magmatic end-stage emanation prod- 
ucts rich in magnetite, forced ultimately to penetrate a part of their 

‘own parent body which had already impregnated and injected a 
previously folded and metamorphosed series of sediments; and of 
directions of travel structurally controlled, and loci of deposition 
dependent on the quality of the rock replaced. 

The term “ deuwteric” was first used by Sederholm** to indicate 


17 Bayley, W. S. Annual Rep’t State Geol. N. J. 1904. Min. Mag., v. 10, 
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Iron Mines and Mining in N. J., v. VII, final report series, State Geol. 
1910. Folio 157, U. S. G. S., 1908; and Folio 191, U. S. G. S. 1914. 
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19 Koeberlin, F. R. The Brewster Iron-bearing District of New York. 
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changes taking place in direct continuation of the consolidation of 
the magma by reason of the action of magmatic end-stage emanation 
products on already crystallized mineral grains. As used by Seder- 
holm, the term was confinéd to microscopic intergrowths along the 
margins of two grains at their contacts. 

“ Deuteric” is here extended to cover mineralization and other 
end processes of magmatic origin, involving the actual magmatic 
replacement or change of rock matter by the ultimate end-stage 
concentration products of magmatic differentiation. 

Graton and McLaughlin **? evolved the terms “ orthotectic,’ for 
ore deposits of strictly magmatic origin concentrated by crystalliza- 
as in the ordinary course of cooling of an igneous magma; and 

“ bneumotectic”’ for products of magmatic sng eso which were 
modified by and controlled by gaseous constituen'ts or “ mineralizers ” 
which accumulated by elimination, from the preceding orthotectic 
stage. 

The term “ orthotectic”’ is not properly applied to the magnetite; 
nor does the term “ pneumotectic” exactly fit the case, since the 
word involves rather vague ideas with respect to control by “ gases” 
and ‘‘ mineralizers,” especially gases. 

Hence the term “deuteric,’ implying changes produced by or 
mineralization caused by the action of the ultimate magmatic end- 
stage consolidation products, essentially in aqueo-igneous solution, is 
used as descriptive of the processes involved in the deposition of the 
magnetite. Figures 2 and 3, plate 6, are in a small measure illustra- 
tive of some of the “ deuteric” effects. 

Evidence for magmatic origin. The evidence for the mag- 
matic origin of the magnetite may be stated briefly as follows: 

1 The magnetite is always intimately associated with typical peg- 
matites of unquestionable igneous source. It occurs intergrown with 
the pegmatites (simultaneous crystallization), both cuts them and is 
cut by them, and is distributed interstitially as an end product in them 
(contemporaneous, with overlapping stages). One or both of the 
pegmatites invariably form part of the walls of the ore bodies and 
they are so involved with and so intimately related to the ore as to be 
undoubtedly from the same source. 

2 The magnetite contains within it minerals oe co-related origin, 
such as apatite, pyrite, pyrrhotite and end-stage quartz. These are 
of igneous character and habit. 


122Graton, L. C., & McLaughlin, D. H. Further Remarks on the Ores 
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3 The magnetite does not conform strictly to the structure of the 
“ oneisses,” as is commonly stated. On the contrary the ore grades 
into country rock in many cases from “ solid” ore, through dissemi- 
nated magnetite (“lean ore”) into magnetiferous rock and finally 
rock almost free from magnetite. Moreover, the magnetite fre- 
quently cuts the rock structure in stringers and “veins,” and not 
infrequently occurs in little “ dikes” in the Pochuck granite, which 
is regarded as a manifestation of the very extreme end-stage matter, 
with magnetite very slightly overlapping. 

Evidence for replacement. 1 Petrographic study of both thin 
sections and polished plates proves the magnetite to contain embayed, 
corroded and partially replaced silicate minerals, native to the 
Pochuck-Grenville; these in many cases are affected by sericitization, 
chloritization, epidotization, serpentinization, and by conversion to 
talc; in such a manner and to such a degree as to suggest that 
replacement was connected with the changes mentioned. (See 
plates 6, 7, I0, II.) 

2 Field studies show that the forms of the ore bodies were 
apparently controlled in large part both by preexisting structures in 
the rocks replaced, and by the quality of the replaced material. The 
activity of the deuteric processes was so great, however, that pre- 
existing structures were only partially preserved in some cases. 
Thus, the form of the ore body of the Forest of Dean mine, which 
resembles a synclinal asymmetric fold, is thought to represent an 
inherited (preserved) structure; the forms of the ore bodies in the 
Lake, Scott, Cook, Augusta, Mahopac and Tilly Foster mines are 
likewise suggestive of inherited structures, partially preserved; or 
modified, in some instances, more especially in the Mahopac and 
Tilly Foster mines. 

Evidence for magmatic control of replacement. 1 The inti- 
mate relationship between the magnetite and the pegmatites, the 
latter undoubtedly derived from igneous sources, suggests a similar 
source for the magnetite, and hence magmatic control of replace- 
ment. 

2 In the few cases where interbedded crystalline limestone layers 
or lenses were replaced, the minerals found with the magnetite are 
characteristic contact types usually found where limestones have 
been profoundly affected by the intrusion of igneous bodies (see 
plate 9, figure 1 and plate 14, figures I, 3, 4). 

3 The apatite found in the magnetite is from igneous sources and 
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is not native to the Pochuck-Grenville. The pyrrhotite found in 
some of the deposits is likewise undoubtedly of magmatic origin. 

4 Sericite and related products are judged to be due to the action 
of the magmatic end-stage emanation concentrates on the minerals 
of the rock replaced, and hence to indicate magmatic control (see 
plate 6, figures 1, 3 and plate 7). 
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PART 4 
THE MAGNETITE MINES 


This section is devoted to descriptions of the individual mines, 
including equipment, extent of workings, chemical character of the 
ores, character of the walls, tonnage of ore produced, special struct- 
ural features, and all other items of interest which it has been possible 
to obtain. Many of these properties have been closed down for al- 
most half a century and information with regard to them is difficult 
to gather. 

The magnetite deposits in southeastern New York mined up to 
the present time have furnished shipping ores carrying from 50 to 
60 per cent iron. Although these are not yet exhausted the main 
supply for future mining consists of leaner ores carrying a minimum 
of 25 per cent iron, which can be worked on a very extensive scale 
and which will lend themselves readily to magnetic concentration. 

The richer magnetites, with some few exceptions like the Forest 
of Dean ore body, occur in irregular tabular masses Io to 25 feet 
thick at most, and consequently the limit of exploitation of these 
deposits was reached at comparatively shallow depths under the 
conditions of mining that formerly obtained in the district. The 
aggregate output of shipping ore has been approximately 10,000,000 
tons. 

The only mines now in operation are the Lake, the Scott and 
Cook of the Sterling group, and the Forest of Dean mine. The 
Tilly Foster, Mahopac, and Croton magnetic mines ceased operation 
in the nineties ; the others closed down in 1880 and have never been 
in operation since with the exception of the small mine at Travis 
Corners, formerly called the Nelson, later the Canopus. Attempts 
have been made from time to time to operate this mine, without 
much success. 

None of these mines has ever been bottomed, although some of 
them have been in more or less continual operation since 1750; in 
most cases the supplies of ore have not been seriously drawn upon, 
and provided the mines now inoperative have ore bodies as persist- 
ent in depth as those now in operation, it seems reasonable to con- 
clude that the magnetite ore bodies in this area form an ore-reserve 
of very considerable tonnage and value. 
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THE STERLING GROUP 

The Sterling group, in Orange county, consists of the Lake, 
Sterling, Steele, Crawford, Upper California, Lower California, 
Summit, Tip-top, Brennan and Whitehead mines. These are con- 
trolled by the Ramapo Ore Company. Of the group of mines men- 
tioned, the Lake, Scott and Cook have been dewatered and are now 
being operated. A large amount of development work has been 
done, many improvements have been made, considerable exploratory 
work has been undertaken and the mines have been equipped with 
modern machinery; the prospects are excellent for the production 
of a considerable tonnage of ore in the near future. The other 
mines of this group have not been reopened, nor have the Cross- 
way, Mountain, Smith, Long, Augusta, Red-back, Bering or More- 
head mines, likewise under lease by the Ramapo Ore Company, been 
reopened. 

The Lake and Sterling mines. At the south end of Sterling 
lake, and occupying what seems to be the parabola-shaped end of an 
emerging syncline pitching to the northeast, are two separate and 
distinct ore-horizons. Along the lower of these were opened the 
Summit, Upper California, Lower California and Whitehead mines, 
lying in the order named from west to east. A number of prospect 
pits were opened in rock along this same line, so that the changing 
directions of dip and strike may be easily followed. Reference to 
the map, fig. 6, will make clear the general situation; structures 
are indicated where measurements were made. 

On the upper ore-horizon were opened the Tip-top, Lake and 
Sterling mines. 

The Sterling mine. A large outcrop of magnetite, on the north 
slope of the hill lying at the south end of Sterling lake was dis- 
covered in 1750, and a mine was opened on this outcrop. The mine 
was named the Sterling after Lord Sterling, who was the proprietor 
of the land. He sold the property, and a blast furnace was imme- 
diately erected and put into operation, producing the first iron ever 
manufactured in the State of New York. This spot is of historic 
interest not only for this reason, but also because the great chain, 
which was extended across the Hudson river at West Point in 
order to impede the progress of the British warships up the river 
during the Revolution, was made at Sterling furnace in 1788 by 
Peter Townsend. The iron of this chain was made from equal parts 
of ore from the Sterling and the Long mines. The weight of each 
link was 140 to 150 pounds and the whole chain weighed 186 tons; 
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it was made and delivered in 6 weeks.?22 The Daughters of the 
Revolution have erected a tablet on this historic spot to commemo- 
rate the ruins of Sterling furnace. (See plate 13.) 

The ore in the Sterling mine was stripped from the surface, and 
followed under Sterling lake at an approximate angle of 28° meas- 
ured on the average inclination of the slope. 

The mine, which was closed about 1902, is now inaccessible; it 
has been stated that the slope (inclined shaft) of this mine was 
down 1000 feet, a figure which is probably approximately correct 
judging from a map kindly furnished by the Ramapo Ore Company 
(see fig. 6). From this map it would appear as though the two 
mines, Lake and Sterling, were separated by an interval of 250 to 
400 feet. This interval has been called a “ pinch,’ but this should 
not be understood to imply an actual squeezing apart of a single 
ore body by dynamic forces. 

According to Putnam’ the ore varies in thickness from 10 to 
30 feet, owing to the rolls in the walls. The character and origin 
of the rolls have already been discussed (see plate 12). 

Putnam (op. cit.) states that the ore is a granular magnetite carry- 
ing more or less apatite, and gives the following analysis of a sample 
taken from a pile of 250 tons: 


Het... Maghs sapere nisl eas Sto eee ete oe 61.01 
Se ey A en ah ase 0.371 
Poel: GEM h ce a Oe lle aCe eee e ees Make ee ae eR ee 0.284 


It is certain that the same general conditions as to the character of 
the walls, the rolls, and the general geologic relations prevail in the 
Sterling mine as in the Lake mine and that a discussion of the 
latter will apply as well to the former. 

The Lake mine. This mine is equipped with an electric hoist, a 
Ball-Norton magnetic concentrating mill with a capacity of 50 tons 
an hour, and dryers. The mine is nearly dry, although it lies wholly 
under Sterling lake; the little water that enters is taken care of by 
three pumps; one at the bottom of the mine of 7.5 horse power, a 
larger one on the 1600-foot level of 35 horse power, and another of 
15 horse power, at the surface. 

The ore body, about 500 feet in width, lies on the gently dipping 
western limb of what appears to be an asymmetric syncline (see 
fig. 6); it is a long, relatively narrow and thin, corrugated and 


123 Appendix to the Third Annual Report of the First Geological District, 
1839. The report of Doctor Horton to W. W. Mather on the Geology of 
Orange County. 

124Tenth Census Report, 1880, p. of. 
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obscurely lenticular mass of magnetite, gently pitching with the 
rock structure to the northeast. The strike of the rock structure at 
or near the entrance to the mine is about north 78° west, and the 
dip is 16° a little east of north. Both strike and dip change, how- 
ever, from the entrance to the bottom of the mine, because of the 
situation of the ore body in the emerging end of an asymmetric syn- 
cline. According to the belief of the writer the corrugations are 
an inherited structure, caused by slight cross-folding during the 
intrusion of the basic Pochuck magma into previously folded Gren- 
ville strata; the ore, slightly later, adjusted itself to and followed 
the structures thus produced. Advantage has been taken of the roll- 
structure in mining, pillars of ore having been left as roof-supports 
at the crests of some of the rolls where the ore is thinnest. 

The mine is worked through an inclined shaft, or “slope,” sunk 
at an angle varying from 12° to 25° in places, following the length 
of the ore body and diverging from a straight line as much as 30° 
toward the bottom of the mine (see fig. 6). Drifts have been 
driven in either direction from the slope at various levels, the dis- 
tance across some of the levels being approximately 1000 feet. 

The slope has been sunk 3800 feet on the incline, which places 
the bottom of the mine well out under the lake and roughly between 
1000 and 1100 vertical feet below the level of the lake on the basis 
of an average inclination of 16°. The thickness of the ore body 
is somewhat difficult to estimate because of variations caused by the 
rolls ; it will probably average somewhere in the neighborhood of 10 
feet. Although the mine has been worked since very early times and 
much ore has been hoisted, it is not yet exhausted, nor have the 
limits of the ore body been determined. 

Exploratory work carried on by the present operating company 
has outlined a large tonnage of ore. 

The Walls of the ore body. For a distance of 2300 feet the 
hanging wall of the Lake Slope is in part granite;’?* the granite 
is probably the Pochuck granite, although no petrographic studies 
have been made of it. The same granite appears at the surface at 
nearby points with included blocks and roof pendants of Pochuck- 
Grenville swamped in it. At 2300 feet the granite hanging wall in 
the slope gives way to granitized Pochuck-Grenville, which is heavily 
pegmatized in places. On the 2500-foot level the wall rock is 
slightly granitized Pochuck-Grenville carrying hornblende, biotite, 
a colorless monoclinic pyroxene, antiperthite, plagioclase of andesine 


125 Personal communication from D. H. Newland. 
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composition, very little quartz, which occurs interstitially and in 
poikilitic fashion in the hornblende, and a little magnetite. 

Pochuck-Grenville, more or less modified by granitization and 
pegmatization, forms both walls for the remainder of the distance 
to the bottom of the mine. At the east end of a drift on the 2800- 
foot level the hanging wall is very heavily pegmatized, carrying a 
green, slightly pleochroic monoclinic pyroxene, bluish green horn- 
blende, quartz, strongly sericitized plagioclase of about andesine 
composition, fresh orthoclase which has margins of albite; epidote, 
disseminated magnetite which cuts and encroaches upon the silicate 
minerals, and considerable apatite. The drift at this point is in or 
very close to the “ slip-zone”’ described further on. 

Footwall samples taken from the main slope at the 3100 and 3200- 
foot levels are strongly foliated in structure and contain a very 
light-colored pink to slightly greenish, pleochroic and monoclinic 
pyroxene (“ clino-hypersthene ’’), a light-green non-pleochroic mono- 
clinic pyroxene (coccolite), much biotite with meta-poikilitic habit, 
andesine, quartz and a little magnetite (see plate 9; figure 3). It 
is essentially slightly granitized Pochuck-Grenville with an inherited 
structure. 

It will thus be seen that the wall rock of the Lake mine, and 
probably of the Sterling as well, is in part granitized Pochuck-Gren- 
ville, in part pegmatized Pochuck-Grenville, and in part Pochuck 
granite, all involved with streaks and stringers of pegmatite. The 
strongly inequigranular habit, the mode of aggregation, association 
and marginal relations of the minerals, the great range in the com- 
positions of the feldspars, the strongly foliated structure, the evi- 
dence of injection, and the manner in which the magnetite encroaches 
upon and cuts the other minerals indicate some other and much 
more complex origin than a simple igneous one, for these rocks. 

The “slip-zone.” A zone of mixed rock and disseminated ore, 
approximately 150 feet in width and striking a few degrees from 
direct north-south, cuts the northeast edge of the Lake ore body 
and presumably cuts the east edge of the Sterling ore body also, as 
at present defined and shown on the map of the Sterling group 
(fig. 6). 

This zone has been called the “slip-zone” by Mr Charles Rees, 
superintendent of the Ramapo Ore Company; its location is only 
approximately shown on the map, since the exact trend and width 
have not yet been determined. The general direction shown is prob- 
ably but a few degrees in error however, and the estimated width is 
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not far from correct. Its extension northerly has not been deter- 
mined, but there are surface evidences of its emergence.at the south 
end of the lake. 

The slip-zone destroys the rolls, but does not apparently offset 
the ore so far as can be determined from the present stage of 
development work. The extension of the main slope has carried it 
through this zone on the lower levels of the mine, and massive ore 
was encountered on the eastern edge of the mixed rock-and-ore 
zone, as well as a renewal of the rolls, the axes of which at this 
point strike about north 78° east (estimated by the writer) as con- 
trasted with an almost due east-west strike in other portions of the 
mine, and a strike of north 78° west at the base of the hill just 
south of the lake (see fig. 6). 

The character of the rock in the slip-zone suggests that this zone 
may have been a channel of distribution for the intensely active, 
magmatic end-stage mineralizing aqueo-igneous solutions judged to 
have been responsible for the deposition of the magnetie. Coarse 
pegmatite, and large crystals of pyroxene, feldspar, garnet, epidote, 
quartz, occasionally tourmaline, and other characteristic minerals 
usually found in pegmatites, are derived from this zone, especially in 
shrinkage cavities or vugs, all intermingled with rock of the quality 
of Pochuck-Grenville the whole mixed with sufficient disseminated 
magnetite to make concentration a possibility. 

A critical study of some of the material shows that it has been 
fractured and faulted, but that it is now tightly healed by the 
products of magmatic end-stage emanations; that is, by epidote, 
soda-feldspars, carbonate and the like. It is probable that the period 
of deformation was very closely related to, and slightly overlapped 
the healing period, for fractures in the feldspar are in places healed 
with feldspar, and micro-crush zones in epidote crystals exhibit 
crushed epidote healed with epidote itself, so that a sort of selective 
action obtained during the process. 

It would appear, therefore, that whatever deformation occurred 
must have been an accompaniment of the invasion of the Pochuck 
magma; that the “slip-zone” is a Precambrian crush-zone, pro- 
duced slightly later than the cross-corrugations’ called “the rolls,” 
since these are destroyed within the zone, but a product of the same 
set of forces. And possibly serving as a channel for the magmatic 
end-stage products, related also to the same general period. (See 
plate 9, figures 2 and 4.) 

The ore. The ore in the Lake mine is in general a compact, fine- 
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grained massive magnetite, which contains, in common with all the 
magnetite ore bodies, remnants of still unreplaced minerals, and 
minerals of similar origin to the ore itself, such as apatite. In the 
“slip-zone ” there are occasional occurrences of coarsely crystalline 
magnetite, but these are rare. 

Closely associated with the ore and forming parts of the walls is a 
coarse red hornblendic and pyroxenic pegmatite; the dioritic phase 
of the Pochuck pegmatite. Sometimes included within the ore, rim- 
med with coarse biotite at the contact, sometimes lying between the 
ore and the wall rock, sometimes cutting the ore, this pegmatite and 
the ore are very closely associated and essentially contemporaneous 
in origin. 

The ore does not uniformly follow the structure in the rock, as 
stringers of ore cut across the rock structure in places, and fre- 
quently split and divide, the stringers of ore in such cases commonly 
pinching out and fading into rock, in a manner shown in figure 4 
sketched in the main slope toward the bottom of the mine. In other 
places the ore follows more or less regularly the secondary corruga- 
tions called ‘ rolls,” as shown in figure 5, sketched at the north end 
of no. 6 drift on the 2800-foot level. 

According to figures obtained at the mine, first-class shipping ore 
will carry 61.34 per cent iron, 0.60 per cent phosphorus and 5.20 per 
cent silica; this is probably a little better than the general average 
composition of the ore. Putnam, in the Tenth Census Report, gives, 
as an average of 50 tons, 57.25 per cent iron, 1.205 per cent phos- 
phorus and 0.088 per cent sulphur. The output from the Lake 
mine up to and including the year 1917 was 1,254,283 tons of mag- 
netite. 

The Tip-top mine. From a small opening on the summit of the 
hill immediately south of the Lake and Sterling mines, and distant 
from them less than 1000 feet, a little ore has beeen taken in the 
past. This mine, called the Clarke or Tip-top mine,'** ceased oper- 
ations some time between 1880 and 1889. From structural relations 
shown in the field it is judged that this small body of magnetite, 
much of which has been mined out, is a small portion of the Lake 
ore body, displaced by a fault of small throw. In the Tenth Census 
Report, Putnam states that the ore carried 54.03 per cent iron, 0.173 
per cent sulphur, and 1.751 per cent phosphorus; quite similar in 
composition to the ore from the main body of the Lake mine. The 


126 Putnam, in the Tenth Census Report, apparently confused this mine with 
another opening on the lower horizon of ore, called the Summit mine. 
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mine was worked by an open cut, from which a short inclined tun- 
nel was driven into the hanging wall. Cross-folding is exhibited in 
the rocks exposed in this cut. 

The lower ore-horizon: Swinging around the base of the hill 
at the foot of Sterling lake, on the southwest, south and southeast 
sides, with strikes and dips shifting in accordance (see fig. 6), 
lies the lower ore-horizon; this has been offset by the same fault 
which affected the Tip-top mine, of the upper ore-horizon. 

The Summit mine. Beginning at a point about 1500 feet west of 
the boiler house of the Lake mine is an opening on the west side of a 
narrow little gulch lying between two hills. An inclined shaft fol- 
lows the dip of the rock, or ore, easterly, terminating at an unknown 
depth. This is the slope leading into the old Summit mine, now 
filled with water. The rock structure strikes north 5° east and dips 
30° a little to the south of east. There are numerous old prospect 
pits in the vicinity but it is impossible to judge from the surface 
conditions how extensive the workings may be, or the size of the 
ore body. 

Crossing the strike of the rocks, from the Summit mine to the 
Lake and Sterling mines, the same general direction of dip is main- 
tained without reversal, so that the slope of the Summit mine, if 
extended at the same inclination, would pass about 200 feet under 
the Lake and Sterling mines (see figure 7). No mention is made 
of this mine in the old reports, and no information is at hand with 
regard to the extent or character of the ore. The country rock in 
the vicinity does not differ from that connected with the Lake ore 
body. 

The Upper California mine. About 1500 feet south of the Tip- 
top mine, and at the base of the hill, the slope of the Upper Cali- 
fornia mine taps the lower ore-horizon at an angle of 30°. The 
slope was sunk to a depth of 350 feet on the incline before opera- 
tions ceased. The mine is now full of water and inaccessible. 

On the dump were found fragments of Pochuck-Grenville, Pochuck 
granite, dioritic and syenitic pegmatites, and massive and coarsely 
crystalline magnetite. Petrographic study of some of the material 
collected from the dump shows: 

a Magnetite; with remnants of quartz, pepe and pyroxene, 
corroded, embayed and replaced by the magnetite, the feldspars all 
having strongly sericitized borders where in contact with the mag- 
netite. 

b Syenitic phases of the Pochuck, carrying colorless pyroxene, 
antiperthite, plagioclase, and magnetite in end-stage relations. 
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¢ Syenite-soaked and diorite-soaked Grenville, granitized and in- 
jected. 

d Extensively modified Pochuck-Grenville carrying clino-hypers- 
thene, granular green pyroxene (coccolite), hornblende, biotite, per- 
thite, plagioclase, quartz and apatite, cut by veinlets of magnetite and 
showing magnetite in end-stage relations. 

The few specimens studied, taken at random from the dump, 
seem to indicate the same sort of history outlined for the Lake ore 
body. 

No data were available as to the quantity of ore hoisted or as to 
the probable extent of the ore; it is stated that the ore body is 1 to 3 
feet in thickness. Judging from the samples of ore taken from the 
dump, the quality of the magnetite is fully equal to that taken from 
the Lake and other mines. 

The Lower California mine. About 800 feet southeast of the 
Upper California mine, just west of the highway, is situated an old 
opening called the Lower California mine. The mine lies in a 
swamp, and at the time of the writer’s visit nothing whatever was 
visible; the workings are completely drowned. The mine was de- 
watered by the Sterling Iron Mountain Railway Company, but 
proved so extremely wet by reason of its situation that further oper- 
ations were abandoned and it soon again filled with water. The 
ore body lies along the same line as the others of this horizon; the 
ore is of excellent quality, but it is only from 1 to 2 feet thick. 

About 300 feet from the shaft of this mine, along the highway, 
a garnetiferous, strongly biotitic and modified phase of the Pochuck- 
Grenville strikes approximately north 52° east, and dips 30° toward 
the northwest, thus showing the manner in which the structure 
accords with the postulated piching synclinal fold. The character of 
the modified Pochuck-Grenville at this point is especially expressive 
of its former origin, sedimentary in part. 

The Whitehead mine. One thousand feet northeast of the 
Lower California mine lies the Whitehead, the most easterly of the 
openings along the lower ore-horizon. This mine is also drowned 
and inaccessible. It is situated between the highway and the tracks 
of the Sterling Mountain Railroad. The mine was worked by an 
open cut, and through a shaft of unknown depth. The ore body is 
stated to be about 8 feet thick; it strikes north 47° east, and dips 
toward the northwest about 45°. No additional information is 
available. 
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Other members of the Sterling group. About 5 miles south of 
the Lake and Sterling mines a subsidiary belt of magnetite begins 
near the state line, trending in a northeasterly direction. 

On the southern end of this belt the Steele mine was opened, and 
on the northern end, the Crawford. About one-fourth of a mile 
west of the Crawford the Brennan pits were sunk in order to pros- 
pect what seems to be another body of magnetite. — 

In addition to these mines, and under lease to the same operating 
company, another subsidiary belt of magnetite lies less than a mule 
west of Tuxedo lake; on the southern end of this belt is the Red- 
back mine. Two isolated occurrences, the Morehead and the Bering, 
complete the group. 

The Steele mine. Outcropping on a ridge about 800 feet A. T., 
a band or belt of magnetite was opened primarily by a few pits at 
the southern end. Later the Ramapo Ore Company, operating all 
the mines of the Sterling, Scott and Red-back groups, trenched the 
ore-band at intervals across the strike and prospected it along its 
outcrop northeastward to the adjoining valley. All these pits and 
trenches are very shallow and narrow, and not in all cases is ore 
exposed; in many places the direction of the ore-band may be deter- 
mined only with the dip-needle. 

In the southernmost pit the strike of the rock is north 50° east, 
the dip varying from 28° to 32° southeast; the ore body pitches 
27° northeasterly. The width (or thickness) of the ore in this pit 
is about 6 feet, but the ore is not solid magnetite. It is a streaked 
mixture of rock and ore, with stringers of ore cutting the structure 
of the rock and fading away, similar to the structures seen in 
places in the Lake mine (figure 4). The rock is modified Pochuck- 
Grenville, and associated with the ore is a pinkish granite which 
may be Pochuck granite; no petrographic study was made of it. The 
next pit to the north, a trench cut across the strike, reveals a narrow 
crush-zone due to a transverse fault of small throw striking north 
25° west. 

The fault has offset the ore body a trifle and has broken the ore 
considerably. In the next pits to the north the strike is north 30° 
east; here pronounced roll structures are shown, the axes of the 
rolls striking at a small angle to the direction of the dip of the 
rock-structure, so that a series of minor, closely spaced and second- 
ary anticlinal and synclinal rolls appear from pit to pit along the 
strike. There is no ore exposed in these pits. 

One of the interesting features of the geology of this band of ore 
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may be seen in one of the trenches, which crosses the strike of the 
ore body at an angle, where the magnetite distinctly cuts across the 
regional structure of the rock, 

Although in places dip-rieedle readings show a band of ore 75 
feet wide, this is simply a zone of disseminated magnetite. The ore 
is lean and streaky. 

Petrographic study of samples of the ore taken from various pits 
proves the material to be modified Pochuck-Grenville, carrying con- 
siderable granular pyroxene, andesine, antiperthite, quartz and 
magnetite. 

The magnetite, associated with and related to the quartz, cuts, 
corrodes and replaces the silicate minerals and occurs in a banded 
fashion suggestive of a sort of lit-par-lit arrangement, although the 
bands or streaks of magnetite, with quartz, are not the result of 
simple injection. 

It is possible that a very considerable tonnage of lean ore suitable 
for concentration might be furnished by the exploitation of this 
ce : ”? 

The Crawford mine. This mine was located in 1792 on what 
is commonly thought to be the northern extension of the same sub- 
sidiary belt of ore in which the Steel mine was subsequently opened. 
The writer is inclined to question this generally accepted relation 
because the form and habit of the ore bodies are not similar, their 
petrographic characters are unlike, and because the valley trenched 
in the ridge in which the two deposits lie, and which separates them, 
is established on a line of weakness of sufficient prominence to exert 
structural control of erosion, so that a valley was developed across 
an otherwise continuous ridge of hard rock. Moreover, the ore 
body in the Brennan pit (see fig. 8) is abruptly cut off, by reason, 
probably, of a fault along the valley, in conjunction with a smaller 
fault which offsets the Crawford ore body also to a small degree. 

It may be, therefore, that the Steele and the Crawford mines, while 
apparently opened along the same body of ore, are in reality in two 
different ore-bands lying approximately in the same line, but sepa- 
rated by the fault postulated. Not sufficient field work has been 
done to prove this, however. 

In 1880, 2240 tons of ore were hoisted from the mine, averaging 
57.66 per cent iron, 2.004 per cent phosphorus and 0.178 per cent 
sulphur.1?* The mine was first worked by means of a pit, which 
now leads into an underground drift, following the pitch of the ore 


128 Putnam, B. T. Tenth Census Report, 1880. 
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for some 500’ feet on the strike. Massive granite of probable 
Pochuck type forms part of the hanging wall and caps the ore body 
on the north end; the foot wall is granitized Pochuck-Grenville. 
Much coarse Pochuck dioritic pegmatite, and actinolite rock, may 
be found on the dumps. 

The ore occurs in an almost ideal lenslike form, judging from the 
shape of the walls of that portion which has been mined out; it is 35 
feet thick at the center, 125 feet wide (or high) in the plane of the 
lens along the strike, dips 80° southeast, strikes north 25° east, and 
pitches northeast. 

A small transverse fault cuts the ore body almost it its very 
beginning, offsetting the ore about 15 feet.’ 

The lens of ore is split by a horse of country rock, but whether 
this is continuous or not it is impossible to determine. The mine 
has not been operated for many years. Thin sections of the ore 
exhibit the usual magmatic-replacement phenomena, the magnetite 
replacing very light-colored actinolite, which is very faintly pleo- 
chroic, and which grades into an almost colorless variety, essentially 
tremolite; a colorless pyroxene, less prominent, and quartz. Around 
each irregular corroded quartz grain, between them and the magne- 
tite, are replacement-aureoles of brownish green chlorite. The pres- 
ence of actinolite, much of which is essentially slightly ferruginous 
tremolite, as replacement-remnants in the ore, and the abundance of 
actinolitic rock on the dump, suggests that the Pochuck-Grenville 
rock replaced may have approached the character of an interbedded 
limestone, or at least that it was strongly calcareous in make-up. 

The size of the ore body and the general geological relations jus- 
tifies the belief that proper additional exploratory work might prove 
the existence of a body of magnetite in very considerable quantity. 

The Brennan mine. About 1600 feet west of the Crawford 
mine a shaft was sunk 20 feet through ore nearly vertical in dip 
and about 10 feet in thickness, in order to prospect this body of 
magnetite, which is apparently one of the isolated occurrences. 
Twenty feet southwest of the first prospect pit and in the same line 
of strike, another hole was driven which discovered nothing but 
drift, nor did the dip-needle indicate the presence of ore. The fault 
which cuts the southern end of the Crawford ore body, would if 
extended cut likewise the ore in the Brennan pit. It is believed that 
the abrupt termination of the ore in the Brennan pit is in part due 


29 The ore has been mined out at this point, but the former shape is pre- 
served by the walls, and the offset may be readily seen. 
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appear to lie along one belt, the Morehead and Morehead extension pits along 
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to an extension of this fault, and in part due to a second fault which 
is responsible for the development of the small valley between the 
tidge on which the Steele mine lies to the south, and the ridge in 
which the Crawford and Brennan mines were opened. 

The fault which offsets the Crawford ore body and which trends 
a little to the south of west is not of sufficient magnitude to cut off 
the ore body in the Brennan pit entirely, but in conjunction with 
the larger fault, striking approximately north 50° west, and along 
which the valley mentioned has developed, thus showing this direc- 
tion to be one of greater weakness, it is reasonable to expect the 
ore to be entirely faulted out as seems to be the case (see fig. 8). 
There are no further data available on this particular body of ore. 

The Red-back belt. Less than a mile west of Tuxedo lake, a 
more or less regular, straight band of ore extends for over 5000 
feet, striking north 10° east, dipping from 43° to 46° in a south- 
easterly direction and pitching toward the northeast about 10°, 
although this may be variable. 

The ore-band may be traced along the surface by the rusty red- 
dish outcrop, due to the oxidation of pyrite and pyrrhotite, the color 
of the outcrop giving the mine its name. The Red-back mine was 
opened on the south end of this ore-belt, which was discovered in 
1780 by J. Stuperfell’**. The ore is not over 10 or 12 feet thick in 
most places, and it carries a very appreciable quantity of sulphur 
in the form of pyrite and pyrrhotite. According to Putnam?” the 
average composition is as follows: 52.93 per cent iron, 0.028 per 
cent phosphorus, and 3.603 per cent sulphur. In 1880, 3638 tons of 
ore were mined, but the mine was soon thereafter abandoned. It 
was worked through openings along the strike for 500 feet, and the 
ore was followed down the dip by an inclined shaft, stated to be 
about 300 feet deep, now inaccessible because of water. Ruins of 
the old skipway still remain and parts of the rails may be seen in 
the slope; an old circular roaster, rusty and dismantled, stands near 
the incline, so that the ore was evidently roasted on the ground. 

Roll structures are prominent in the footwall of the mine, judg- 
ing from the evidence presented on the surface. Both walls are 
modified Pochuck-Grenville at the entrance to the slope, heavily 
injected with coarse, biotitic and hornblendic pegmatite (dioritic 
facies of Pochuck), more especially prominent in the footwall at 
this point. Here also the footwall contains so much sulphide that 


180 Appendix to 3d Annual Geologic Report of the First Geological District. 
Doctor Horton’s report to W. W. Mather, 18309. 
131 Putnam, B. T. Tenth Census Report, 1880. 
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it weathers rusty-red, and in places secondary green iron-sulphate 
is common as an incrustation (melanterite). 

A short distance north of the entrance to the inclined shaft the 
character of the footwall changes from modified Pochuck-Grenville 
to a basic, dark, coarsely granitoid igneous rock made up of color- 
less pyroxene (diopside), olivine, an extremely light-colored mag- 
nesian mica, probably phlogopite, and magnetite and pyrrhotite, both 
clearly end-stage products. The rock is essentially an olivine pyrox- 
enite, and is one of the relatively rare exposures of the most basic 
phase of the Pochuck magma. 

Much rock of this character may be found on the dumps of this 
old mine; occasionally some of it carries such an abundance of oli- 
vine as to be related to the peridotites. A sample of what probably 
constituted a leaner phase of the ore is essentially a magnetite-rich 
peridotite, with much olivine, which is somewhat serpentinized. 
Where serpentinization has affected the olivine, the iron in it has 
been converted to granular magnetite, so that magnetite from two 
sources occurs; that derived from the serpentinization of the olivine, 
insignificant in quantity, and that formed during magnatic end-stage 
consolidation. 

In addition to material of this character, the dumps furnish 
samples of tremolite rock in considerable quantity. The specimen 
collected by the writer was made up wholly of tremolite and diop- 
side, the tremolite crystals ranging from 0.5 to 1 centimeter in 
length. 

Although the ore is rather thin, there is no doubt but that this 
subsidiary short belt contains a large quantity of magnetite; the 
chief objection is the high sulphur content, largely pyrrhotite, which 
is difficult to remove. The presence of tremolite rock is suggestive 
of the nature of the material replaced by the magnetite, so that this 
deposit approaches the contact-replacement type, of which the 
Mahopac and Tilly Foster are the best examples. 

The Bering and the Morehead mines. These two old mines 
have not been worked in many years and little is known as to their 
extent or as to the character of the ores. Neither Putnam‘ nor 
Smock *** mentions the Morehead mine, and the only reference made 
by Putnam to the Bering mine is the statement that during the 
census year (1880) it produced 2688 tons of ore. The Bering mine 
is in Rockland county about three-fourths of a mile northwest of 


182 Putnam, B. T. Tenth Census Report, 1880. 
188 Smock, John C. N. Y. State. Mus. Bul. 7. 1880. 
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Sloatsburg; the Morehead mine lies about the same distance north- 
west of the Bering, just over the county line, in Orange county. 

The regional strike in the vicinity of the Bering pits is north 31° 
east, the rocks dipping from 85° to go° to the southeast. The mine 
was worked through a series of cuts, some excavated through drift 
and now badly caved; and a shaft of unknown depth, now drowned. 
In the same direction of strike a few additional exploratory pits 
were sunk beyond the swamp at the northern end of the workings 
and these are said to have found an extension of the ore body. 

Judging from surface conditions and the size of the open cuts 
the ore body occurs in a series of more or less tabular, irregular 
and roughly lenslike masses with a maximum thickness of about 15 
feet. Ore may still be found on the walls of some of the cuts. 
Samples taken from such places are massive, somewhat coarsely 
crystalline, blocky magnetite, frequently associated with very coarse 
biotite, which is plentiful among the rocks found on the dump and 
evidently a characteristic feature of this mine. 

The hanging wall is in part dioritic pegmatite (Pochuck), whose 
feldspars are more or less sericitized, with few ferromagnesian 
minerals, now wholly changed to epidote and chlorite, and a little 
magnetite containing titanite or ilmenitic inclusions now leucoxenized. 
Fractures traverse the rock, healed with chlorite and epidote. Cutting 
this pegmatite is an extremely quartzose, coarse granite (Pochuck 
granite), also part of the hanging wall, containing swamped and 
corroded remnants of the same feldspar which occurs in the 
pegmatite. 

The footwall is typical Pochuck-Grenville, containing streaks and 
bands of the coarse biotite mentioned as being found associated with 
the ore. It is made up chiefly of colorless to faintly pleochroic 
pinkish pyroxene (clinohypersthene), hornblende, biotite, plagioclase 
ranging from oligoclase to andesine and a little magnetite. The ore 
itself carries remnants of the same minerals found in the footwall, 
the feldspar remnants being sericitized and some of the included 
pyroxene having been converted to fine flaky talc. Associated with 
the magnetite in this ore is a little green spinel in minute grains. 
The ore, here as elsewhere, has replaced certain horizons in the 
Pochuck-Grenville by magmatic end-stage, or deuteric, processes. 
There are no additional data available with respect to the mine. 

The Morehead mine was worked by means of an open cut and two 
shafts, one at each end of the mine. The ore body is from 8 to Io 
feet thick, striking north 31° east at the most southerly opening and 
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dipping from 65° to 70° southeast. The strike of the ore body 
shifts toward the north as the workings are followed northeast- 
wardly, as though an obscure fold might be a part of the structural 
features. The wall rock is similar to that of the Bering mine, the 


footwall being Pochuck-Grenville carrying streaks of coarse biotite, |} 


which is likewise associated with the ore. 

The ore, judging from the sample taken along the cut, is a 
strongly jointed, massive, blocky and rather fine-grained magnetite. 
Petrographic study of the ore reveals numerous feldspathic rem- 
nants, sericitized and corroded, and many remnants of pyroxene 
partly altered to talc and chlorite, and in places serpentinized. 

A little pyrrhotite is associated with the magnetite and related to 
it in origin. 

On the dump are numerous large angular fragments of camptonite 
which probably cut the ore at some point as a dike. No exposures 
could be found in the vicinity of the mine to show just what the 
relations may be. 

Both the Bering and the Morehead mines deserve additional 
investigation and careful exploratory work on these properties would 
be justified. 

THE SCOTT GROUP 


The Crossway (sometimes called Causeway), The Fletcher, 
Patterson, Mountain, Smith, Long, Scott, Cook and Augusta mines. 
and two prospect pits called the Hard and Middle mines, comprise 
this group. These mines lie east of Sterling lake, about 2 miles north- 
east of the Lake and Sterling mines. The deposits lie along two 
bands or belts of ore, less than 700 feet apart, both striking north- 
eastwardly, but slightly converging, and more or less disturbed by 
transverse faults. The Fletcher, Crossway, Patterson, Mountain and 
Smith mines were opened on the westerly belt of ore, and the 
Augusta, Cook and Scott mines were opened on the easterly belt, 
which curves sharply to the northwest and apparently joins the 
westerly belt in a parabola-shaped curve; the structure is suggestive 
of an eroded anticlinal fold pitching northeast, whose limbs are 
disturbed in continuity by transverse faults which have likewise 
disturbed and offset the ore bodies which occupy either limbs of the 
fold. The fact that such structures are inherited and that the ore 
bodies have not been folded since they were deposited should again 
be emphasized (see fig. 9). A swamp north of the Mountain 
mine, and Jack of exposures here and in other critical places prevent 
accurate observations of the structure, which is obscure at best. 
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Of this group only the Cook and the Scott mines have been 
dewatered, and they are the only ones now in operation. The other 
members of the group ceased producing many years ago. 

At the time of the writer’s visit the work of dewatering the Cook 
mine was in progress, but the mine was not in a fit condition for 
inspection. Of this group, therefore, the Scott mine is the only one 
which was inspected underground. Of the others, some were worked 
by shallow open cuts, in which there is not much to be seen, and 
some by inclined shafts sunk down the dip; these are full of water 
and inaccessible. The Cook and the Scott mines are close together 
and connected by underground workings; essentially the same gen- 
eral conditions as to the character of the ore and associated rock 
obtains in each, so that a description of the Scott mine will suffice 
for both. 

The Scott mine (including the Cook and Augusta). This 
mine is the northernmost member of the Augusta-Cook-Scott group, 
the three mines lying so close together as to constitute essentially a 
single working; they all lie on the same body of ore, and two of 
them, the Cook and the Scott, are already connected underground. 
The Scott mine was originally operated through an inclined shaft 
or slope following the dip of the ore, which was not steep at the 


Fig. 10 Generalized form of the Scott-Cook-Augusta ore body. 

The part above the level of the surface of the block has been removed by 
erosion. The ore-body pitches towards the northeast. Offset by faulting is 
not represented. 
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start, but which within a very short distance turned rapidly to 85°, 
so that the greater part of the shaft is almost vertical. 

The ore body pitches northeast at an angle of 26°; it should be 
observed in this connection that the ore.body in the Cook mine, 
directly south of the Scott, is almost vertical, the Cook shaft lacking 
the initial incline of the Scott, while the Augusta ore body, south 
of the Cook, is much flatter. This is suggestive of a form for the |] 
ore body which is shown in figure 10, although no attempt has been 
made to represent the dislocations which have been caused by 
faulting. 

A new vertical shaft, sunk 600 feet in rock, about 100 feet west of 
the ore-belt and approximately 400 feet north of the original shaft, 
taps the various levels of the mine and facilitates operations. 

The ore is raised in 3-ton skips by an electric hoist. It was 
originally intended to concentrate the leaner ore on the ground in a 
Ball-Norton mill of the same type and capacity as the one in opera- 
tion at the Lake mine; this mill has not yet been erected, however, 
so that any ore needing concentration is sent to the magnetic con- 
centrator at the Lake mine over an extension of the Sterling 
Mountain Railroad, operated by the company. 

The walls of the ore body are modified Pochuck-Grenville, so 
heavily injected in many places with coarse pinkish pegmatite that 
the pegmatite itself acts as the wall for some distances; it occurs 
indifferently in either wall. The ore is massive, rather finely 
crystalline, blocky magnetite, very closely jointed and carrying, in 
common with all the magnetite from the different mines, still unre- 
placed remnants of Pochuck-Grenville (see plate 1, figure 2), con- 
sisting of irregular patches of quartz surrounded with replacement 
aureoles of chlorite, corroded remnants of a colorless, magnesian- 
bearing pyroxene, some partly and many wholly serpentinized, and 
a very small quantity of both pyrrhotite and pyrite, and a little 
apatite, co-related to the magnetite. 

The ore and the pegmatite are closely associated and intergrown, 
the ore cutting the pegmatite in places, and the pegmatite cutting the 
ore in turn, each sometimes fading out in stringers in the other. 

According to figures obtained at the mine, the shipping ore carries 
from 58.50 to 61.0 per cent of iron, and from 0.35 to 0.61 per cent 
of phosphorus. The ore body averages 10 feet in thickness; it is 
worked by a series of drifts in either direction along the strike, by 
raises and by stoping. It was stated that the distance along the 
levels (in the direction of strike) is 4000 feet; this probably includes 
the Cook workings. 
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Near the north end of the Scott the ore is cut by a dike of 
pegmatite, which appears at the surface, but which wedges out down- 
ward and totally disappears on the 400-foot level, although on the 
200-foot level the drift cut through what seemed to be a very thick 
dike. Hed 

The ore body at this point is offset by a small fault which causes 
a horizontal displacement of 40 feet, and which was encountered in 
the lower levels of the mine at the north end. 

Both the ore and the pegmatite dike are cut off by the major fault, 
which is a branch of or an extension of the one at the south end 
of Sterling lake (see figs. 6 and 9). At this point on the surface 
the rock, rising in a very steep escarpment judged to be a fault 
line scarp, is very strongly granitized Pochuck-Grenville, carrying 
so much injection-quartz as to be essentially a facies of the Pochuck 
granite. 

Much development work has been done on these properties by the 
operating company, and the mines promise to produce a large tonnage 
of excellent ore in the near future. 

The Long mine. This body of ore, about 4ooo feet northeast 
of the Scott mine, was discovered in 1761 by David Jones **; it may 
be traced for nearly a mile in a sharply curving northwesterly 
direction, along which lie the old workings. The ore is split by a 
horse of country rock, making two parallel bodies, for an unknown 
distance and depth. Between the time of the discovery, 1761, and 
the date Doctor Horton’s report was issued, 37,500 tons of ore 
were taken from this mine; the ore was said to be of especially 
excellent quality, and it was used mixed with ore from the Sterling 
mine, in the manufacture of the great chain which was extended 
across the Hudson river in order to impede the movement of the 
British warships up the river during the Revolution. 

An open cut about 500 feet long, and numerous smaller pits and 
cuts constitute the workings of this mine. 

The ore was followed by drifting down the dip, under the hanging 
wall, but it is impossible to determine what the extent of these old 
workings may be. The underground portions are drowned and the 
pits are more or less caved and brush-grown. At the northwest end 
of the line of workings a large prominent pegmatite dike cuts across 
the strike of the belt of ore, and probably cuts the ore below. 

The reputed good quality of this ore and the tonnage raised 


134 Appendix to 3d Annual Report, Dr William Horton’s Report to W. W. 
Mather, 1839. 
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during the period of operation would justify additional exploratory 


work on this property. ; 
The Smith mine. The shaft of the Smith mine, which is the 


most northerly of the workings on the westerly belt of ore, is ap- 
proximately 800 feet west of the line along which the Long open- 
ings lie, and about 800 or 1000 feet west of the general easterly 
belt of ore in which the Augusta-Cook-Scott mines were opened. 

A large swamp obscures structural relations ordinarily observable 
at the surface, but the Mountain and Smith mines lie in the same 
general line of strike, and there is a zone of strong magnetic attrac- 
tion along this direction which indicates a continuance of the ore 
body between the two mines. There are no data available with 
respect to this old mine. Nothing can be seen on the ground but an 
old opening, or shaft, about 30 feet in depth; it was stated that a 
body of magnetite about 2 feet thick was encountered at the bottom 
of this shaft. 

The Mountain mine. Ore was discovered here in 1758 “by a 
hunter, in consequence of a tree being blown up by the roots”***, An 
extension of the ore was discovered in 1831 and a mine, called the 
Patterson, was opened, from which 7000 tons of ore were taken 
between 1831 and 1839. 

The Patterson and the Mountain mines may be regarded as a 
single unit; the workings running together in a series of cuts and 
pits extending over 1000 feet along the surface. The strike of the 
ore body is north 20° east, the dip 83° southeast and the pitch is 
to the northeast at an indeterminable angle. The mine was worked 
by a series of open cuts along the strike of the ore, which was 
followed down the dip and under the hanging wall for a depth 
unknown, possibly determined by the capacity of the pumps used to 
remove the water which subsequently drowned the underground 
workings. Nothing can be seen at the present time but an open cut, 
caved more or less, overgrown with brush, containing water in some 
places and half full of fallen rock elsewhere. 

At the north end of the property a vertical shaft was sunk. The 
Ramapo Ore Company dewatered this shaft during the course of 
their preliminary exploratory work, and found it to be about 100 
feet in depth; a body of good ore 7 feet in thickness was encountered 
at the bottom of the shaft. 

Both the Mountain mine and the Smith mine workings are offset 


1385 Appendix to 3d Annual Report, Dr William Horton’s Report to W. W. 
Mather, 1830. 
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from the Crossway by the major fault previously mentioned (see 
fig. 9). 

According to Ries**® the» ore body consists of several long, 
parallel narrow beds; this can not be verified from surface examina- 
tion at the present time. It was observed, however, that the 
country rock is heavily pegmatized, and it is possible that stringers 
of pegmatite or horses of heavily pegmatized rock split the ore body. 

The walls of the ore body as seen in the cuts are modified Pochuck- 
Grenville, heavily injected in places with pegmatite; the footwall is 
in part coarse Pochuck granite containing bunches and stringers of 
magnetite. The hanging wall is in large part typical Pochuck-Gren- 
ville with more or less disseminated magnetite, and syenite soaked. 

It is made up of a colorless monoclinic pyroxene, a monoclinic 
faintly pink and pleochroic clinohypersthene, plagioclase ranging 
from oligoclase to andesine, a little hornblende, alkalic feldspar 
related to the “soaking” period, and very little associated quartz. 
The quartz occurs chiefly in myrmekitic *’ intergrowths; marginal 
intergrowths of alkali-feldspar and plagioclase (symplectite; Seder- 
holm, op. cit.) are likewise in evidence, both types being related to 
the “soaking” period. The footwall is similar except where 
pegmatized and where invaded by granite. 

The ore, 8 feet thick, is massive, rather fine-grained magnetite, in 
places rather closely jointed and blocky. It carries remnants of 
precisely the same minerals contained in the walls (Pochuck-Gren- 
ville remnants), and is clearly of magmatic end-phase replacement 
origin. c 

Two dikes of pegmatite about 15 feet thick cut the ore body. It 
is stated that the ore in the Patterson (southerly extension of the 
Mountain mine) was about 20 feet thick as mined. No further 
data as to these old mines are available. 

The Crossway (or Causeway) mine. With the exception of 
a small cut about 50 feet long, 4 feet wide and 20 feet deep, situated 
1000 feet southwest of the Crossway workings, called the Fletcher, 
the Causeway (or Crossway) mine is the southernmost working of 
importance on the westerly belt of the Scott group. Ore was dis- 
covered herein 1793 by John Ball’. A 14-foot ore body was 
uncovered, and between 1793 and 1809 some 28,000 tons of ore 


186 Ries, Heinrich. Geology of Orange County, N. Y., Rep’t State Geologist, 
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were hoisted from this mine. Operations were then suspended. A 
continuation of this ore body was operated under the name of the | 
Antone mine, from which 50,000 tons of ore were removed, the ore 
body having a thickness of from 5 to 8 feet. 

The old workings lie nearly opposite to and not more than 800 
feet west of the Cook and Scott mines, on the westerly belt. The 
major fault crosses the ore line in a diagonal direction and offsets 
it from the Mountain and Smith mines (see fig. 9). The strike 
of the open cut is approximately north 20° east, and the dip of the 
ore is apparently about 85° southeast. The cuts were sunk through 
a drift cover; they are more or less filled with débris, in places with 
water, and all are brush-grown. 

In nearly all these old workings a little ore still may be seen on the 
walls, in many cases this being the only source of the specimens 
collected. From what evidence is presented by these traces of ore 
left, it is judged that the ore here is massive, rather coarsely 
crystalline, blocky and strongly jointed, breaking out in straight 
sided blocks, and retaining many remnants of still unreplaced rock. 
The magnetite, as seen in the walls, cuts the structure of the wall 
rock (Pochuck-Grenville) in stringers, and fades away in wedgelike 
streaks. Associated with the ore is a coarse pegmatite, which badly 
cuts up the ore in places and probably exists in dikelike form else- 


where. 
It should be remarked that this pegmatite, which cuts the ore in 


all these workings, may very possibly disappear in depth in the same 
way that the large pegmatite dike which cuts the Scott ore body 
wedges out downward and vanishes on the 400-foot level. 

It will thus be seen that in this restricted area twenty-two mines 
and prospect pits are situated on several subsidiary belts of mag- 
netite. All these have been operated in the past, and all of them 
are now leased and some of them operated by the Ramapo Ore 
Company. This company has dewatered three of the mines, the 
Lake, Scott and Cook, and installed a magnetic concentrator, 
electric hoists, dryers and other improvements preparatory to active 
production. The remaining mines have not produced ore in many 
years, some having closed down half a century ago, and at least one 
has not been in operation for over a hundred years. Not one of 
them has been bottomed ; considering the general geological relations, 
the reputed thickness of some of the ore bodies and the behavior of 
the ore in those mines inspected underground, it seems reasonable to 
conclude that taken altogether these properties constitute an ore 
reserve of considerable magnitude and value. 
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THE GREENWOOD GROUP 


This group includes the Hogencamp, Surebridge, Pineswamp, 
Greenwood, Cunningham, Bradley and Alice mines. They lie about 
5 miles north of old Greenwood furnace, and north of Arden. Since 
these properties are now included in New York State Park reserva- 
tions, and therefore unavailable, they were not visited by the writer. 

None of them has been active for very many years, most of 
them having ceased operations before 1870. The Hogencamp was 
the only member of the group producing ore between 1870 and 1880. 

According to Putnam’’® this mine was worked by means of an 
open cut 250 feet long and 60 feet deep, the ore body having a 
thickness of from 12 to 15 feet, with very irregular walls. 

The ore carries both pyrite and pyrrhotite; an analysis given by 
Putnam (op. cit.) shows the following: iron 52.93 per cent, sulphur 
2.399 per cent, and phosphorus 0.033 per cent. The writer has no 
personal observations to offer. 


THE WARWICK GROUP 


A subsidiary belt of magnetite lies along the summit of Warwick 
mountain, about 2 or 2% miles south of Warwick. Several old mines, 
operated many years ago by the Parrott Iron Company and by the 
Warwick Iron Company, are situated in this belt of ore. 

The Standish mine. This mine lies one-fourth of a mile north 
of the east fork of the highway leading south from Warwick, on 
Warwick mountain. A thin body of ore, not over 2 to 8 feet thick, 
may be traced for over one-half of a mile; along this cuts were 
made and shafts of unknown depth were sunk. The strike of the 
ore body is N. 30° east, and the dip is essentially vertical. A fault 
cuts off the ore on the northeast end, beyond which the ore is not 
again in evidence. There are other signs of old workings and one old 
shaft on the southeast slope of the same ridge. The property has 
not been in operation since 1880, and shafts and cuts all have water 
in them and are inaccessible. From what could be seen on the ground, 
the walls of the ore body are typical Pochuck-Grenville, heavily 
injected in places with dioritic pegmatite (pegmatitic facies of 
Pochuck). In other places a coarse granite, probably Pochuck 
granite, forms part of the walls. Much coarse, feldspathic, dioritic 
pegmatite, containing end-stage interstitial magnetite, may be found 
on the dumps, together with coarse granitic rock, essentially Pochuck 
granite. , 


139 Putnam, B. T. Tenth Census Report, 1880. 
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A sample of ore taken from a dump at one of the shafts consists 
of brilliant, coarsely crystalline magnetite, mixed with pyrite. A 
petrographic study of this ore reveals the usual altered remnants of 
unreplaced rock; in this case epidote, calcite and colorless garnet 
(see plate 10, figure 2), with zoisite, actinolite and tremolite, all 
derived from some former original evidently more or less calcareous 
in composition. Remnants of pleochroic green pyroxene likewise are 
contained in the magnetite. 

Another sample of ore from a dump near a second shaft con- 
tained remnants of green pyroxene, and considerable scapolite ; 
therefore the magnetite in this mine is judged to have replaced an 
especially calcareous phase of the Pochuck-Grenville, so that garnet, 
tremolite, actinolite and scapolite have formed as a partial result 
of the magmatic end-stage replacement processes. 

The Raynor and Taylor mines. These mines lie south of the 
highway and about one-half of a mile from the Standish. They were 
opened on the same ore body, widest toward the northeast where a 
shaft of unknown depth, now full of water, was sunk. Open cuts 
along the course of the ore show an ore body from 6 to Io feet wide, 
dipping 90°. Toward the southwest the ore forks and becomes 
two roughly parallel bands, divided by a horse of rock which reaches 
a width of almost 30 feet. Along the trend of the ore there are 
numerous openings, some only a few feet in width, some wider; 
they are 20 to 40 feet in depth, they all contain water and they 
extend to a drift or tunnel at the south end, now drowned. At 
the extreme south end of the workings a vertical shaft was sunk in 
rock, depth indeterminable, into which a narrow, deep cut opened; 
shaft and cut are both full of water. 

The footwall at the south end of one of the larger cuts is a syenite- 
soaked Pochuck-Grenville, which grades into typical modified 
Pochuck-Grenyille a few feet from the cut, more or less invaded by 
the syenitic facies of the Pochuck, traversed by stringers of quartz 
and by veins and stringers of pegmatite. 

On the dumps may be found typical Pochuck-Grenville, heavily 
epidotized rock in quantity, and chloritized, carbonated and serpen- 
tinized rock of various sorts, as well as a curious calcite breccia. 
Petrographic study of epidotized material collected from the dump 
prove it to be strongly epidotized, carbonated and _ chloritized 
Pochuck-Grenville. 

The magmatic end-stage emanations at this particular point seemed 
to have been unusually rich in those elements which were capable, 
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by interaction with the rock invaded, of producing epidote, chlorite, 
serpentine, carbonate and quartz, with more or less pyrite, which in 
this instance is an associate of and related to the epidote and co- 
related products. 

According to Putnam **° the mines just described were called the 
Taylor, Ferro Hill and Warwick. The Warwick of Putnam is pre- 
sumably identical with the mine called the Standish by the writer, 
and the Ferro Hill is probably the Raynor. All these properties were 
in operation previous to 1880, the total output amounting to 57,271 
tons. The average composition of the ore from the Standish 
(Warwick) mine is given by Putnam (op. cit.) as 52.35 per cent 
iron, 0.092 per cent phosphorus and 2.748 per cent sulphur. 

Specimens collected by the writer show many features of great 
petrographic interest, but this phase of the situation can not be 
included in this bulletin. 

The group of mines lying along this belt of ore are probably 
capable of producing a considerable quantity of magnetite provided 
they are properly exploited, but the ore is high in sulphur and less 
desirable for that reason. 


THE FOREST OF DEAN GROUP 


Included within this group are the Forest of Dean mine, the 
Wetherby, Tower and “ Rattlesnake” mines. Of these, the only one 
of importance is the Forest of Dean mine. 

The Forest of Dean mine. This is one of the oldest productive 
mines in the Highlands. It has been in operation since 1756, 
although not continuously, and during that time it has produced 
almost 2,000,000 tons of ore. 

The mine is located about 5 miles west of Fort Montgomery and 
just east of the state road, in the valley of Popolopen creek. Dur- 
ing the period between 1865 and 1894 the mine was owned and 
operated by the Forest of Dean Iron Ore Company. The production 
amounted to over 500,000 tons of ore ™*. Operations were apparently 
suspended about that time and were not actively resumed until 1905, 
when the Hudson Iron Company began dewatering the mine; 
shipping was resumed the following summer. The present operat- 
ing company is the Fort Montgomery Iron Corporation, which 
succeeded the Hudson Iron Company. The average annual 
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production during the years 1914 to 1918 was 88,000 tons. One 
of the remarkable features of the mine is the form of the ore body 
and the manner in which the form and size persist in depth. The 
chief points of interest connected with this ore body are: 

a The ore apparently occupies the trough of a synclinal fold, 
overturned to the northwest, and pitching toward the northeast. 

b The great horse of rock which, when the mine was first opened, 
appeared on the surface in such a way as to give the impression 
that the ore existed in two parallel bands separated by barren rock. 
This horse now projects from the roof of the mine downward, divid- 
ing the mass of ore in its upper part into two lobes, so that a 
cross section of the ore body is roughly heart-shaped (see figure 3). 

c The rock-pendant which hangs from the roof of the east lobe, 
much like another and very small horse. 

d The dikelike rock varying from 1 to 12 feet in thickness which 
runs from the east side of the horse into the hanging wall, and which 
serves, and is used, as a floor in working the ore between the horse 
and the hanging wall, in the east lobe. This has followed the ore 
down the pitch for 3300 feet. 

e Late Precambrian basic dikes of the general composition of 
Camptonites, cutting the ore in almost vertical positions. One of 
these cut the ore at such a small angle to the strike that notwith- 
standing the fact that the dike was not more than 3 to 6 feet in thick- 
ness, it was necessary to drive the slope 300 feet through dike rock 
before ore was again encountered on the other side**. The age of 
these dikes and their undisturbed condition are particularly signifi- 
cant in the interpretation of the dynamic history of the region and 
of the ore bodies. 

f Included blocks of rock in and surrounded by the ore; the 
“ unsupported structures ” of Irving “**, some of which present every 
evidence of being unreplaced remnants or country rock; and finally, 

g The persistence with which the form, cross section and size 
of the mass of ore are maintained. 

These features are of such importance to an understanding of the 
deposit that the writer is constrained to discuss them, briefly, in 
their sequence; especially since the observations presented aid in 
the interpretation of the geology and origin of the magnetite in 
general. 


142Kemp, J. F. Amer. Jour. Sci. (3) (35) p. 331. 1888. Stoltz, Guy C. 
The Forest of Dean Iron Mine, N. Y. Eng. and Min. Jour. 85: 1091-93. 1908. 
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a The form. The peculiar heart-shaped or “ fold-shaped”” form 
of the ore in the Forest of Dean mine is familiar to all who have 
had occasion to study the magnetite deposits of the State of New 
York. By most of those who have offered any explanation, it was 
thought to be due to folding. Thus, Stolz‘ remarks “The ore 
body and high micaceous inclosing gneisses . . . probably lay 
originally in a horizontal plane, the syncline being developed during 
a period of folding and pressure.” And likewise Ames ?*° remarks 
“ Dynamic stress caused flexing of the original rock, which already 
had a strong gneissic or gneissoid structure, and igneous intrusion 
took place at the same time, along the lines of weakness developed 
by this deformation.” 

It is not possible that this ore body has been affected by either 
Taconic or Appalachian folding, since the late Precambrian basic 
dikes, thin, tabular and standing almost erect, cut the ore and are 
not themselves disturbed at all. 

The ore is conceded to be of magmatic origin and related to the 
igneous intrusives. These show no signs of ever having been 
folded since their emplacement; moreover, had severe folding 
occurred during the formation of the magnetite such dynamic condi- 
tions would have disturbed the thin tabular mass of rock running 
from the horse into the hanging wall, cutting the ore, but intimately 
related to it in time of formation. (See figure 3.) 

There is no structural evidence in the ore body and its intimately 
associated pegmatite to indicate that folding occurred during or after 
the deposition of the ore. 

On the other hand, the inclosing rocks are indubitably folded; 
hence the contention of the writer that the forms of the ore bodies 
are due to the replacement of previously folded rock, and that the 
structures seen are inherited, seems justified. 

b The horse. The mass of rock which splits the ore body, and 
which remains constant in its relations with depth, and which in 
part gives the ore its peculiar heart-shaped form (see figure 3), is 
typical Pochuck-Grenville (plate 4, figure 1), cut by dioritic 
pegmatite which likewise forms the thin tabular dikelike mass 
cutting the ore and extending from the horse into the hanging wall 
(plate 2, figure 3) The horse is simply country rock, similar to the 
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walls, into which the dioritic, pegmatitic facies of the Pochuck has 
been intruded. 
c The rock-pendant. The rock which hangs from the roof of the 


east lobe is essentially the same material as that comprising the | 


horse, but it has been soaked with the syenitic facies of the Pochuck, 
and modified to that extent; a modified Pochuck-Grenville, injected 
likewise with dioritic pegmatite, not greatly different from the horse 
in general make-up. This rock has been in part replaced by mag- 
netite (see plate 7, figure 4). 

d The tabular dikelike rock running from the horse, through the 
ore into the hanging wall, is Pochuck pegmatite of dioritic com- 
position, co-related in origin to the magnetite and slightly over- 
lapping it. In places, such as this, it cuts the magnetite, but again 
may be cut by the magnetite itself; the magnetite may also in other 
instances occur interstitially in end-stage relations. 

This thin, tabular, dikelike mass remains constant in position and 
general relations, and varies but little in thickness, as the ore is 
followed down the pitch. It does not seem possible that such a 
structure could exist in the form and position it has if the ore body 
had ever been folded. 

e The late Precambrian basic dikes, first described by J. F. 
Kemp,” cutting the ore body. These are essentially camptonites, 
and since they are found in many places in the Highlands, cutting 
all the various units, they are without much question regarded as 
late Precambrian in age. Any later compressive stresses productive 
of folding should be recorded on such erect, thin, tabular bodies, 
especially since many of them stand almost broadside to the direc- 
tions of thrust in Taconic and Appalachian times ; they show no trace 
whatever of Appalachian movement and accompanying folding, 
although they are sometimes crushed and faulted by the block 
faulting of Triassic times. 

It follows from the foregoing that most of the folded structures of 
the Highlands may indeed be, and probably are, inherited from the 
highly metamorphosed, previously folded Grenville strata, as 
postulated by the writer, and that the orogenic processes of Taconic 
and Appalachian times were productive only of crush-zones and 
thrust faults in these rocks. 

f Rock included in the ore. Blocks of rock included in and 
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surrounded by the ore are frequently encountered. Newland? 
states, in discussing the ore of the Forest of Dean mine: ‘ Some 
sorting is necessary on account of admixture with granite which is 
found in stringers and small bodies within the deposit, and is of the 
same character as the granite that divides the two wings.” 

The rock thus found is not granite; it is Pochuck-Grenville, which 
is at times highly pegmatized, and always more or less profoundly 
affected by the end-stage emanation processes that gave rise to the 
magnetite. A sample of rock included in the ore on the sixth level 
carries pyroxene, now wholly altered to either sericite or fine flaky 
talc, and fine dusty carbonate, feldspars more or less sericitized, 
biotite, quartz with replacement aureoles of sericite surrounding it, 
and much magnetite (see plate 7, figure 3; plate 10, figure 3 and 
plate 11, figure 1). Sometimes the included rock is a streak or 
bunch of pegmatite, occupying a sort of pocket in the magnetite. 
Here are found masses of coarse pink calcite mixed with anhydrite, 
feldspar, generally plagioclase, coarsely crystalline magnetite in large 
grains, green pyroxene and apatite, the whole related to the 
pegmatite and a part of it, the magnetite always existing in end- 
stage relations. 

These features seem to support not only the postulated close rela- 
tionship between the pegmatite and magnetite, but also the assumed 
magmatic end-stage emanation origin of the magnetite, and magmatic 
end-stage deuteric replacement. 

g Persistence of form and cross-section. This is indeed a remark- 
able thing; not because the magnetite persists in depth, for that may 
well be expected in a deposit of magmatic origin, but because of the 
retention of shape and cross-section which is difficult to explain; 
the slope has now been sunk 4500 feet, without any indication of 
change in the form or in the quantity of the ore. If one can imagine 
this body of magnetite as restored to place, and then pulled out of the 
ground as one would pull out a stake which had been thrust into the 
earth, and if one then imagines this long cylinder of ore set end-up 
on the surface like a pillar, an imposing column of magnetite almost 
a mile high and 80 feet or more in diameter would make a land- 
mark for the surrounding country. 

The walls. Both walls are Pochuck-Grenville, but in most places 
it is granitized. The footwall is the more highly granitized, for 
very coarse Pochuck granite appears at the surface in the little hill 
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west of the headframe. Traveling away from the ore body to 
westward there is an increasing intensity in granitization of the 
Pochuck-Grenville until actual Pochuck granite is encountered (see 
plate 4). The footwall dips about 20° southeast; the hanging wall, 
much steeper, dips from 85° to 90° in the same direction. There is 
no sharp contact between the ore and the walls, since in both occur 
bands of magnetite interlaminated with biotite, so that in places the 
contact between ore and walls is indefinite and streaky. 

The ore. A granular magnetite, sometimes friable, but generally 
massive and firm, with included matters already mentioned. The 
height of the ore in the hanging wall side is from 100 to 120 feet; 
on the footwall side it is about 80 feet, and the diameter or thickness, 
wall to wall, is about 60 feet at the center. The length of the horse 
from roof to tip is about 65 feet on the hanging wall side, and the 
width or thickness approximately 50 feet. 

The ore body pitches nepTncAsteNy at an average Pies of 18° to 
19°, but the pitch varies from 12° to 36° in places. The inclined 
shaft, or slope, follows the footwall down the pitch, the lower corner 
of the slope always being kept in the footwall, as a guide to direction. 
The slope has been sunk 4500 feet on the incline up to the present 
time, with the ore constant in behavior. 

Owing to the large size and height of the ore body it is not 
possible to remove all of it. Every 60 feet pillars of ore, from 50 
to 60 feet long, are left to support the roof. Nor is all the ore 
cleaned away from the hanging wall in the upper lobe; some of it is 
left to support the wall, and some ore is left to support the roofs 
of both lobes or wings, so the actual structure in the roofs of the 
lobes is not known. It is probable that 30 or 40 per cent of the ore 
is left in the mine to serve as supports. 

The ore is hoisted in 2-ton end-dumping skips whose doors are 
mechanically tripped at the headframe, where it is taken care of by 
the usual arrangement of crushers, conveyors and storage bins. A 
steam tramroad 3 miles long carries the ore from the mine to its 
terminus; thence the ore is loaded into the buckets of an aerial 
conveyor 6300 feet long, which carries it to the dock at Fort 
Montgomery, on the Hudson river, where there is a storage bin of 
1000 tons capacity. The ore is shipped to Perryville, Pa., and other 
Lehigh furnaces. 

Under the old management water power was used in operating 
the plant, and such power, derived from the mine pond, is still used 
for running an old Cornish pump situated at the head of a vertical 
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shaft 250 feet deep, leading to a sump. The mine is nearly dry, 
however, and not much pumping is necessary. Two electrically 
driven and five air-operated pumps, all in tandem, are used in 
addition to the old Cornish pump. There is no water below 1788 
feet. The skips are hoisted by steam power. 

Owing to the depth of the slope (4500 feet), the present hoisting 
plant has about reached the limit of its power, so that it is con- 
templated erecting an underground station, from which a supple- 
mentary hoist, possibly electrically driven, will permit the ore to be 
raised to the surface in two steps. . 

The ore is a compact, fine-textured, rich magnetite, except in 
places already referred to, where it may locally be more or less 
friable, and sometimes coarse; it is moderately high in phosphorus, 
low in sulphur, and non-Bessemer in quality. Smock *** gives the 
only analysis the writer was able to obtain covering elements other 
than iron and phosphorus. This is as follows: 
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Additional and later results obtained at the mine show that the 
ore averages from 60.0 to 61.0 per cent iron, and ranges from 
0.594 to 0.68 per cent phosphorus, so that the ore is remarkably 
constant in quality and composition. Neither “ pinches nor swells ” 
interrupt the continuity of it, nor is there any indication that the 
end of the ore body is in sight. 

The Tower mine. This mine, on the F. L. Hastings property, 
is situated at the head of a beautiful glacial cirque, 2 miles north- 
east of the Forest of Dean mine in a direct line, and about 1 mile east 
of Long pond and the state road. The mine had been abandoned for 
a long period, but in the summer of 1919 work was in progress at 
the bottom of the incline which was then 95 feet deep on the slope. 
The slope followed the ore down the pitch at an angle of 30°, the 
dimensions being about 6 by 6 feet. There was ore in the bottom, 
in both walls and in the roof of the slope, but at the bottom of the 
mine the footwall rock is exposed. The dip is very steep, 80° to 
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85° southeast. Directly over the inclined shaft, or slope, an old 
drift was driven into rock for about 65 feet, but no ore is visible 
in it. The walls as seen at the surface and in the old cut are 
Pochuck-Grenville, but so heavily intruded with pegmatite as to , 
consist in part of pegmatite itself in places. The pegmatite is both 
dioritic, where seen in the hanging wall of the open cut, and syenitic, 
where it occurs in the footwall. Both pegmatites are facies of the 
Pochuck and are intimately related to the ore. At the bottom of the 
mine the footwall in direct contact with the ore is typical Pochuck- 


Grenville. 
The ore ‘is coarsely crystalline, with considerable admixed rock, 


and probably occurs in bands and streaks interlaminated with the 
country rock. The magnetite occurs in end-stage relations replacing 
Pochuck-Grenville, and carrying a little pyrite. Work was aban- 
doned some time after the summer of 1919, and has not since been 
resumed. The slope is now full of water (see plate 2, figure 1 and 
plate 10, figure 1). 

The Wetherby and “Rattlesnake’’ mines. These are old 
openings south of the Forest of Dean mine. The Wetherby lies on 
the west slope of the hill facing Deep Hollow, about 114 miles south 
of the Forest of Dean mine, and at an elevation of 900 or '1000 feet. 
The structure here strikes north 40° east and dips from 80° to 85° 
southeast. An old shaft, of unknown depth and water-filled, exposed 
about 4 feet of streaky, irregular, mixed magnetite and rock. The 
footwall is Pochuck-Grenville, the hanging wall syenite-soaked and 
heavily granitized Pochuck-Grenville. A narrow crush-zone, not 
over a foot wide, runs through the property, which would indicate 
some probable displacement. There are no available data as to the 
character or extent of the ore. The “ Rattlesnake” mine is situated 
only a few hundred feet southeast of the mine pond. There is an 
old shaft, of unknown depth, and a cut through drift, now more or 
less filled by caving, on the property. 

No ore was visible and no information could be secured as to the 
extent of the workings or the quality and character of the ore. 


ISOLATED DEPOSITS IN ORANGE COUNTY 


The Bull mine. A little over a mile north of Oxford and 3 miles 
north of Monroe in one of the detached hills of gneiss referred to in 
earlier pages of this bulletin as “stranded fault blocks” (see 
page 32), and locally known as Bull hill, an old opening called 
the Bull mine is located. The cuts and shafts are on the top of 
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the hill, which is overthrust to the northwest on the Hudson River 
slates, and which is bounded on the other three sides by Triassic 
block-faults. A vertical shaft of unknown depth, sunk in rock, is 
now drowned. In addition, the ore was apparently followed down 
the dip in places, but these openings likewise contain water and are 
of unknown depth. At the base of the hill on the east side a tunnel 
was at one time driven, possibly connecting with the shaft mentioned 
above. This is now caved and inaccessible. 

The mine was formerly operated by the Parrott Iron Company, 
but it has been idle since 1880. According to Putnam,’*® the mine 
was said to have been worked to a depth of 1000 feet, but this is 
doubtful. During 1880, 2579 tons of ore were mined, taken chiefly 
from an old pillar within 100 feet of the surface; even at that time 
the deeper part of the mine was full of water. Putnam gives the 
average analysis of a sample of ore taken from a pile of 100 tons as 
follows: 
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It is estimated that the total production of the mine was 52,000 
tons. 

The walls of the cuts and openings are extremely variable, the 
variability being in large part due to injection and impregnation. 
The hanging wall in one of the smaller pits is badly shattered and 
crushed Pochuck-Grenville (see plate 8, figure 1) which exhibits 
deformation in a marked degree. In the same pit, and forming also 
part of the hanging wall, occurs a crushed and shattered syenitic 
facies of the Pochuck (see plate 8, figure 2), which is closely related 
to the ore in this mine, and which grades so imperceptibly into it 
that the ore seems to replace in part the invaded Pochuck-Grenville 
and in part its associated rock (see plate 10, figure 4). 

Connected with these rocks and forming also parts of the walls 
is coarse pinkish-gray Pochuck granite. 

The feature of special petrographic interest connected with this 
mine is the evidence of deformation, reflected in the thin sections 
and illustrated in plate 8. It is highly probable that the ore body 
itself is limited in extent and considerably affected by the same set 
of forces. 

The Clove mine. This old mine, which seems to have been aban- 
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doned prior to 1880 (although according to Putnam‘? 15 tons of || 
ore were hoisted from the mine in April 1880) is situated about one- 
half of a mile southeast of the east shore y Round pond and about 
1% miles south of Monroe. 

All the openings were made through a thin cover of drift which 
veneers a low hill of gneiss. There are numerous shallow pits, partly 
filled with caved-in drift and in some cases containing water, a large 
open cut about 400 feet long and possibly 200 feet wide, full of 
water, and a narrow cut about 150 feet long which widens out at 
the end and leads into an inclined shaft or tunnel of unknown depth, 
which is also water-filled, so that the old workings are inaccessible 
and of unknown extent. 

The rocks seen along the walls of the narrow cut leading into the 
drowned slope are massive igneous types without well-defined 
structure, except where they are cut by a small crush-zone, not more 
than a foot wide; here they are badly crushed and decayed. 

On the southeast wall of the cut (hanging wall?) appears a very 
coarse, massive hornblendite, while on the opposite wall (the foot- 
wall?) the rock is a massive pyroxenite (see plate 1, figure 1) 
associated with highly quartzose granite (see plate 2, figure 4), all 
facies of the Pochuck. 

The ore (see plate 11, figure 4) is a massive, rather coarse 
magnetite with considerable interstitial pyrite and pyrrhotite. 

There is a great variety of different sorts of very coarse-textured, 
massive, basic rock on the dumps; the magnetite appears to be 
associated with the coarse, dark biotite masses. During the replace- 
ment process the ferromagnesian minerals of these rocks were 
changed by deuteric action to fine flaky talc, chlorite and secondary 
magnetite (see plate 1, figure 2), all late magmatic end-stage prod- 
ucts and possibly just preceding the ultimate replacement by the 
magnetite. 

There are no available data descriptive of the extent, character, 
form or size of the ore body, except the comment of Horton, who 
in his report to Mather states that the mine had then (1839) been 
“open many years,” and that the ore was a “compact and granular 
shot-ore,” with more or less disseminated pyrite. It is also stated 
that the ore alternates with rock, occurring in streaks and bands from 
a few inches to a maximum of 4 feet in thickness. It apparently 
was necessary to mine considerable lean ore and rock in order to 
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obtain sorted ore rich enough to smelt. The high sulphur content 
made roasting necessary, but modern methods of concentration would 
remove much of the sulphur existing as pyrite provided the pyrite 
was not too intimately mixed with the magnetite; pyrrhotite is more 
difficult to handle by magnetic methods. 

There are no additional data obtainable with respect to. this 
property. 

The O’Neill (or Nail) and the Forshee mines. These two old 
workings lie about 3 miles south of Monroe; the Forshee mine is 
one-half of a mile southwest of the O’Neill. Both mines have been 
inoperative since 188o, 

They were operated by the open-cut method; the openings on the 
O’Neill ore-band along the strike of the ore cover a distance of nearly 
1500 feet, and in places are fully 100 feet or more in depth, and 
from 100 to 200 feet wide. They are now brush-grown and more or 
less filled with fallen blocks. Judging from the size of the rock 
dump, and the extent of the workings, it was necessary to mine 
much mixed rock and ore in order to obtain picked material of 
furnace grade. The deposit was probably lean and streaky. Accord- 
ing to Putnam*’, who seems to have regarded the O’Neill and 
Forshee as one mine, the ore alternates with rock in “ layers,” and 
carries 40.33 per cent iron, 0.02 per cent phosphorus and 0.453 per 
cent sulphur. 

The Forshee mine, separated from the O’Neill by an area of low 
ground, was worked through an open cut some 400 feet long. Here 
may be seen beautiful examples of swamped blocks of Grenville in 
all stages of assimilation; in places may be found partly assimilated 
fragments surrounded by reaction rims of hornblende, some of it 
very coarse, which in turn is surrounded with coarse hornblendic 
pegmatite, the dioritic facies of the Pochuck. 

On the dumps of both mines, but more especially the O’Neill, 
specimens may be secured carrying characteristic contact minerals, 
such as chondrodite, garnet, spinel, coccolite, tremolite, glaucophane, 
epidote, serpentine, actinolite, and the like (see plate 14, figure 1) ; 
almost pure glaucophane rock forms part of the northwest wall of 
the cut at the O’Neill mine, which shows replacement in part by 
magnetite (see plate 14, figure 2). In addition, coarse Pochuck 
granite, and in places coarse Pochuck pegmatite occur in the walls, 
and occasionally partially assimilated Grenville in the form of more 
or less completely absorbed blocks having finer texture and carry- 
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ing biotite and garnet. A camptonite dike cuts the ore body in the 
O’Neill **; this may still be seen on the west side of the cut, 
resembling the remains of a half-ruined wall; but it is gradually 
being destroyed by weathering. 

Although neither limestone nor unmixed Grenville can be found 
in the vicinity, there is no doubt that contact action, or “ contact- 
assimilation ” processes, conditioned the locus and character of these 
two ore bodies, the ore having replaced, by magmatic end-stage 
(deuteric) processes, interbedded limestone layers in otherwise more 
or less modified Pochuck-Grenville. 

This is a well-known mineral locality, many specimens having been 
secured from the dumps of these old mines in past years; the mines 
were at one time fairly productive. There is no record of either 
mine having been bottomed, and it is possible that considerable ore 
of good quality could be obtained by proper methods of mining and 
concentration. 

The Mombasha mine. At the northwest end of Lake Mom- 
basha occurs a small cut not more than 4 or 5 feet wide, which 
seems to have been opened on a band of lean disseminated ore, carry- 
ing sulphides. 

Probably this represents a mere prospect pit, as no ore apparently 
was ever actually mined. The walls of the cut are Pochuck-Gren- 
ville. On the south side of the creek not far from this cut is another 
small prospect pit, with Pochuck-Grenville on one wall of the cut; 
coarse, massive Pochuck-Granite forming the other wall. It is 
possible that these pits may have prospected a series of pockets, 
strung out along the strike of the rock. There is nothing to indicate 
an extensive deposit or any serious attempts at mining. 


MINES IN PUTNAM AND WESTCHESTER COUNTIES 

The Phillips belt. This is probably the most persistent High- 
lands belt of magnetite east of the Hudson river. Along the northern 
end of the belt is situated the Canada Mines group, and on the 
southern extension of it is situated the Canopus mine; the belt is 
approximately 7 miles long, but this does not of course mean 7 miles 
of uninterrupted magnetite. The northern end of the belt is the more 
important and, although the magnetite bodies along the belt are not 
thick, they display such a remarkable continuity and regularity of 
outcrop in view of the moderate thickness that persistence likewise 
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in depth is a reasonable assumption, although this has not yet been 
tested by actual exploration; the old workings, with the exception of 
the Sunk mine, being shallow and little more than prospect pits and 
trenches. , 

THE CANADA MINES GROUP 


The Canada mines group consists of the Canada, Sunk (or 
Stewart), Sackett, Pratt, and Denny mines, lying in the order 
named, from north to south along Canopus creek (see fig. 11). 

The Canada mine. The Canada workings are a series of shal- 
low cuts and trenches along the strike of the ore, north 40° east, 
involving a total distance of nearly 2 miles. The dip of the ore 
body is steep to the southeast, but in places, more particularly toward 
the south end of the workings, it varies to 60° as a minimum. 

Where the ore is exposed it shows thicknesses varying from 3 to 
15 feet, the middle portion being solid ore, which grades toward the 
walls into stringers and bands mixed with rock; sharp contacts do 
not exist. 

The walls are gneissoid in structure, and petrographically prove to 
be in patt quartz-bearing syenites, judged to be related to the 
Pochuck, since farther south along the ore-belt this also appears in 
more typical facies, and because here and there pegmatite is 
developed, always closely associated with the ore and ‘related to 
the rock. 

A specimen from the footwall consists of acid plagioclase with 
strongly crenulated margins, in places granulated; a very small 
quantity of interstitial and granular quartz, a little uralitized 
pyroxene, and epidote and tourmaline in interstitial distribution and 
related to the closing stages of crystallization. The granulation, bent 
twinning and strain effects are primary; these are protoclastic struc- 
tures, due to slight movement during the closing stages of consolida- 
tion of the rock. Uralitization of the pyroxene, interstitial epidote 
and (rarely) tourmaline, marginal granulation of the feldspars, and 
strain, are all of very late magmatic stage; the ore itself, related to 
this period, petrographically exhibits replacement relations to its 
parent rock. 

The Stewart (or Sunk) mine. This mine was the most exten- 
sively developed of the group. The outcrop extends along the east- 
ern flank of a steep hill facing Canopus creek and the workings fol- 
low the magnetite for about 1500 feet along the strike. Between the 
south end of the Canada mine and the north end of the Sunk there 
is an interval of a mile or more in which no openings appear. Active 
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mining was at one time in progress, the developments consisting of 
five shafts, some from 250 to 300 feet deep, a series of cross adits 
driven at intervals from the base of the ridge in which the shafts 
were sunk, and about 1200 feet of drifts, which opened up a band of 
magnetite about 12 feet in width, dipping very steeply to the north- 
west. Not more than 6 or 7 feet of the ore was of shipping quality, 
the rest being leaner admixtures of ore and rock, which, however, 
is capable of concentration. At No. 5 shaft there are at the present 
time about 500 tons (estimated) of sorted ore on the dump. At the 
southwest end the ore body is cut by a pegmatite dike of consider- 
able thickness, since it was necessary to drift for 50 feet through 
the dike in order to reach the ore again on the opposite side of it >”; 
but little ore was taken from this part of the mine, as it was soon 
thereafter closed down. The composition of the ore as given by 
Putnam (op. cit.) is, iron, 57.23 per cent and phosphorus, 0.359 
per cent. 

The ore and associated rock contain many features of petrographic 
interest, but a detailed discussion of these features is not here advis- 
able. In brief, the syenitic facies of the Pochuck seems to have 
invaded and thoroughly soaked the Pochuck-Grenville, and to have 
been in sufficient quantity to furnish a mass of its own. During 
the closing stages of consolidation and during, and slightly over- 
lapping the replacement period, slight movement resulted in 
primary granulation, strain, and in the production of a 
gneissoid structure in the Pochuck syenite, which in places is 
almost dioritic in its feldspar content. The ore itself, more or less 
affected by this movement, has replaced by pneumotectic*®® or 
deuteric *° (magmatic end-stage) processes the associated rock; and 
slight fractures in the ore are healed with the ultimate product, 
quartz, which with feldspar, has, as pegmatite, cut the ore in places. 

The Sackett workings. These are immediately southwest of 
the Sunk mine, but the ore body is offset 50 or 75 feet by a transverse 
fault. The Pratt mine is essentially an extension of the Sackett. 
Each consists of open cuts extending along the strike of the ore for 
a distance of about 200 feet in the Sackett workings, north of the 
highway, and 300 feet in the Pratt workings, south of the highway. 
Both mines in addition were worked through vertical shafts, which 
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Figure 11 
Map of the Canada Mines group, Phillips belt. After a map made in 1886 by Priston Miller, loaned by the Rama 
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are about 700 feet apart. The Sackett shaft is said to be 75 feet in 
depth, but both shafts contain water and are now inaccessible, and 
in many places the cuts are partly filled by caving. (See plate 15, 
figure I.) ; 

Putnam*” states that the ore body in the Sackett mine was 
reported to be 5 feet in width, and in the Pratt mine from 2 to 4 
feet wide. A sample taken from a pile of 175 tons of ore carried 
57-23 per cent iron and 0.663 per cent phosphorus (Putnam, op. cit.). 

The dip of the rock structure is almost vertical, varying between 
85° and go° to the southeast; the strike is about north 40° east, and 
the gneissic structure of the rocks in the walls of the cuts pitches 
steeply (45°) to the northeast. 

There are two cuts along the Pratt workings, each about 150 feet 
long. The northernmost cut shows Pochuck granite in the hanging 
wall, in places; the rock immediately in the vicinity of the workings 
is Pochuck-Grenville, heavily intruded with the Pochuck granite; 
the walls are in part syenite-soaked Pochuck-Grenville. 

The ore is banded in part, and in part disseminated, grading into 
the walls, and is associated with the dioritic phase of the Pochuck. 

The Denny mine. This mine is the extreme southwest member 
of the Canada Mines group. The openings were apparently made 
along two or three “ pods” or “lenses” of ore, for greater irregu- 
jarity is shown than at the other mines (see plate 15, figure 2). 
These occurrences were about 20 feet wide in the widest part and 
possibly two or three times as long. 

Here there is much Pochuck granite cutting Pochuck-Grenville 
(see plate 3, figure 2), and in places little “dikes” or “veins” of 
magnetite are associated with, and cut the extremely acid Pochuck 
granite itself, representing overlapping stages of the magmatic end- 
stage period. 

Very little ore was taken from this mine, and no exploratory work 
has ever been done excepting the openings just described. The 
extent of this and of the related ore bodies is not known, but judg- 
ing from the data that are available, the persistence of the belt, and 
the general geologic relations, it seems probable that these old mines 
are capable of furnishing a large amount of ore provided proper 
methods of mining and concentration be used. None of the mines 
has been in operation since 1880. 

About three-fourths of a mile southwest of the Denny workings, 
along the same belt, there is a small group of shallow pits which 
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were opened on the strike of a small body of magnetite many years 
ago. The pits extend for one-half of a mile and are of no great 
importance except in so far as the ore serves as a connecting link 
between the Canada Mines group, and the Canopus mine to the 
southwest. 

The Canopus mine. This mine, formerly called the Nelson mine, 
is situated at the extreme southwest end of the Phillips belt, at 
Travis Corners. 

Many years ago the property was prospected by the Kingston Iron 
Ore Company, and in 1912 it was further explored by the Mount 
Summit Ore Corporation, who equipped it with a shaft and small 
mill ; little ore was actually shipped and operations were discontinued 
in 1913. 

The mine was later opened again and in 1919 was operated for 
a short time by the Canopus Iron Corporation. It is not now in 
operation (1921). 

The Canopus Iron Corporation held the mineral rights on 140 
acres of land surrounding the mine, and owned 40 acres in fee, on 
which the mine is situated. According to dip-needle readings the 
magnetite may be traced along the strike for 3200 feet; it varies in 
thickness from 4 feet to Io feet, strikes north 27° east, and dips 54° 
southeast at the surface. The dip steepens with depth, so that at 
the bottom of the incline, down 175 feet on the slope, the dip 
reaches 60° to 65°. The hanging wall is highly modified, strongly 
granitized Pochuck-Grenvile, heavily injected with pegmatite; a 
short distance from the ore body, outside the zone of intense 
granitization and pegmatization, the rock is a beautifully banded 
epidote gneiss; Pochuck-Grenville, granitized, modified and injected, 
but to a less degree than immediately adjacent to the ore body, 
where the rock is so heavily injected that the walls are in part granite 
and in part pegmatite. (Plate 6, figure 4). 

The deposit differs from the Canada Mines group in two respects: 

a Deformation has severely affected the ore, so that there seems 
to be more than a strong probability that this will prove a serious 
factor in the more extensive exploitation of the ore body. 

This is reflected in thin sections by crush-zones and strain-effects 
(plate 8, figure 3), and in the mine by a badly sheared camptonite 
dike, or the remnants of such a dike, in the ore; and by displacement, 
crush-zones and related phenomena. 

b The ore carries ilmenite, intergrown with the magnetite, (see 
plate 11, figure 3) instead of the usual titanite, in which form most of 
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the titanium exists in all of the ore bodies described. The quantity 
of titanium oxide in a sample of ore selected at random, at the mine, 
was determined by Prof. H. T. Beans of Columbia University, who 
found in the sample of ore,submitted, 1.01 per cent TiO2. 

The ore, a coarsely crystalline magnetite, carries remnants of still 
unreplaced rock, with sericitization as a just preceding and accom- 
panying feature of the magmatic end-stage replacement process 
(mineralization by deuteric process). These features are illustrated 
in plate 6, figures 2 and 3, which exhibit both deuterization of the 
feldspar, sericitization and replacement, and in plate 7, figure 2. 

The ore grades into the wall rock, passing from solid magnetite, 
through lean ore, to essentially magnetite-free wall rock (Pochuck- 
Grenville). 

The evidences of deformation are so pronounced that very care- 
ful exploratory work should be undertaken in order to locate the 
existing faults and prove the presence of a sufficiently large body 
of magnetite to be profitably mined. 

The Sprout Brook belt. Sprout Brook valley is a narrow, long, 
moderately deep trench cut into a belt of crystalline limestone; the 
limestone may be regarded as one of the few examples of unmixed 
Grenville exposed in the area under discussion. Sprout brook is 
essentially an extension of Canopus creek, which lies to the north- 
east, and which flows into Sprout brook. 

On the eastward-facing slopes of the ridge of gneiss which forms 
the western margin of the valley, are located the Croft and the Todd 
mines; one, the Croft, is on the northern end of the belt, the other, 
the Todd, is on the scuthern end in Westchester county, on the estate 
of Mr Stuyvesant Fish. 

The two mines are approximately 3 miles apart. Both mines 
were rather extensively worked some 30 or 40 years ago; a very 
good description of them during their active operation is contained 
in Putnam’s*°* report, which is illustrated with maps and diagrams. 
The Todd mine was owned and operated by the Fallkill Iron Com- 
pany, which shipped the ore to Peekskill on a narrow-gauge rail- 
road, and thence by boat to Poughkeepsie where its furnaces were 
located. During the census year (1880), 4032 tons of ore were 
mined. According to Putnam (op. cit.) the east wall of the main 
pit was composed of crystalline limestone, and the ore body was 
from 3 to 4 feet wide. The ore carried 44.34 per cent iron and 
0.033 per cent phosphorus, with admixed calcite and pyrrhotite. 
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But little evidence of the workings now remains; a new road, 
built by Mr Fish, runs across the old dump, which is almost wholly 
obliterated. The old slope is water-filled, and about all that can 
be seen is the brush-grown entrance to it. Nothing is now visible 
of the limestone wall in the pit mentioned by Putnam (op. cit.) ; 
the hanging wall is an extensively modified Pochuck-Grenville. On 
what little remains of the old dump is considerable actinolitic rock, 
carrying actinolite, epidote, pyrite, carbonate and granular magne- 
tite; essentially an amphibolite, developed from a highly calcareous 
phase of the Grenville, or possibly from the crystalline limestone 
itself, by contact action. The few odd pieces of ore that still remain 
in the vicinity of the old slope are composed of magnetite, which 
seems to have replaced an amphibolite, since the remnants of silicate 
minerals are chiefly actinolite and epidote, with pyrite, related to 
the magnetite. The deposit seems undoubtedly to have had a contact- 
replacement origin; that is, Grenville limestone, or interbedded lime- 
stone, is believed to have been replaced by magmatic end-stage 
emanation products, chiefly magnetite. 

The Croft mine was even more extensively worked than the Todd. 
For 5 or 6 years prior to 1880 it was inactive, but during 1880 the 
mine was reopened and worked until 1881. Since that time the 
mine has been idle. The period of greatest activity was before 1875, 
for the mine is one of the oldest in Putnam county. 

The ore body averages about 3 feet in thickness, with local varia- 
tions; the old workings consist of a series of pits along the strike of 
the ore, and an open cut about 200 feet long, now badly caved, the 
total length of cuts and pits being about 700 feet. Part way up the 
side of the ridge a shaft, of unknown depth, was sunk, and a few 
hundred feet west of this shaft is an old incline, whose depth is also 
unknown. ‘The ore was apparently followed down the dip at this 
point. At the base of the ridge, and about 100 feet below the out- 
crop, a tunnel was driven, presumably to tap the ore body at a lower 
level and allow the easier handling of the ore, which was shipped to 
the dock in Peekskill on a narrow-gauge railroad. 

According to analyses given in the Tenth Census Report, the ore 
carries from 54 to 64 per cent iron, from 0.005 to .o12 per cent phos- 
phorus, and from 1.047 to 2.018 per cent sulphur. 

On the dump at the tunnel level are immense quantities of actino- 
litic rock, and rock with alternating bands of magnetite and dark- 
green amphibole; curious quartz-feldspar pegmatite, whose feldspars 
contain so much epidote in micropoikilitic intergrowth as to appear 
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yellowish green in the hand specimen, and amphibolite and chlorite 
rock, all more or less abnormal products of contact type. 

The hanging wall of the slope referred to above is essentially a 
product of contact action. It consists in places of slightly pinkish 
garnet in small grains, a granular green pyroxene colorless in thin 
section, resembling coccolite; wernerite, full of characteristic inclu- 
sions, epidote, zoisite and quartz, all typical contact products, and 
evidently the result of the complete silication of a lens or layer of 
interbedded limestone, since the ore deposit occurs in the gneiss and 
not in the crystalline limestone in the valley (see plate 14, figure 4). 
Moreover, this phase of the hanging wall is badly swamped in and 
intruded by a white, moderately fine textured syenitic aplite which 
is judged to be related to the syenitic facies of the Pochuck; the 
feldspar is moderately acid plagioclase. The footwall of the slope 
is strongly foliated, hornblendic and granitized Pochuck-Grenville. 

It seems probable that the ore body in this mine originated by the 
magmatic end-stage replacement of an interbedded limestone lens 
or highly calcareous layer in the original Grenville, and hence this 
body likewise belongs to the “ contact-replacement”’ type. 

There is no record of the exhaustion of the mine, and it is reason- 
able to assume that considerable ore may be still left untouched; 
especially in view of the geologic relations briefly outlined above. 
The chief objection to the ore is the high sulphur content, but in 
the past this seems not to have prevented the manufacture of iron 
from it. 

The Brewster belt. Beginning in the city of Brewster a belt 
extends in a southwesterly direction for a distance of about 5 miles, 
along which several mines were opened many years ago. Two of 
these mines were at one time in active operation and from them a 
very considerable tonnage of magnetite has been shipped. 

The northernmost mines on this belt lie under the city of Brew- 
ster itself, one just back of the hotel formerly known as the 
Brewster House, the other at the base of the hill immediately west 
of the railroad station, both connected and essentially the same mine. 

These mines, called the Brewster Mines, have been abandoned 
over 40 years and no traces remain of them. They were opened in 
1810 and abandoned in 1820 after some 50,000 tons of ore had been 
hoisted. Operations were resumed in 1845 and the mines were 
sporadically worked until 1875, when they were again abandoned.’” 
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Early in February 1880, the mines were again reopened, and oper- 
ated until the end of August of the same year, as the Cheever and 
Durant Iron mines. During this short period of operation 1344 
tons of ore were hoisted, chiefly from a pocket discovered by a 
drift from the third level *°. No more ore was found and the mines 
were abandoned. They have not been operated since that time. 

According to Mather 1* the “ vein”? was traced to the southwest 
for a distance of more than 1% miles, and it is thought to continue 
and to form the deposit on which the “ Croton Magnetic Iron Ore 
mines”? were opened. These were formerly known as the Theall 
and McCollum mines; the Theall opening lies on the northeast side 
of the ridge, the McCollum on the southwest side. The two open- 
ings are about 2500 feet apart, and are now connected by a tunnel. 
The mines were first opened about 1880, and were in active operation 
for a number of years. In 1883 concentrating was attempted, and 
in 1889 experiments in magnetic concentration were under way. 
At that time the lower level of the Theall mine, at the northeast end 
of the hill, was 160 feet below the main adit tunnel, and the McCol- 
lum, at the southwest end, had been worked through a large open 
cut and a 60-foot shaft’; the stopes vary in width from 50 to I00 
feet. Magnetic concentrators were ultimately erected,*** but the 
process was not well developed at that time and difficulties were 
encountered with the pyrrhotite ; moreover, such great masses of sul- 
phide were subsequently encountered as to cause the abandonment 
of the project. 

In 1912 plans were considered for reopening the mine; it was 
proposed to erect a mill of 1500 tons daily capacity using the wet 
magnetic method of concentration. Experimental tests indicated a 
product could be made averaging 64 per cent iron, with a phosphorus 
content of .o3 per cent and with a minimum sulphur content of 0.30 
per cent. Although foundations were laid for the mill the plant 
was never completed. 

According to analyses given in the Tenth Census Report the iron in 
the ore ranges from 43.22 to 59.83 per cent, and the phosphorus 
from 0.035 to 0.260 per cent. The sulphur content is not given, but 
it is of course high owing to the presence of both pyrrhotite and 
pyrite. 
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The ore-zone is at least 100 feet wide, striking north 30° east and 
dipping almost vertically. The deposit is banded and disseminated ; 
grading from almost solid magnetite, mixed with pyrite and pyrrho- 
tite, in the center, to lean ore toward the walls, and finally into light- 
colored, syenitic rocks, quartz-bearing in places, and highly pegma- 
titic in an irregular manner in other places. 

The lean ore is essentially a magnetite-rich syenite, with a proto- 
clastic structure (see plate 8, figure 4) involving granulation of the 
margins of the feldspar grains, bending of grains, wedge twin- 
ning and strain effects; all primary deformation phenomena due 
to movement before complete solidification was effected. The mag- 
netite in the lean ore is interstitially distributed, cutting and in part 
replacing the ferromagnesian minerals and the feldspars, and is 
clearly of very late magmatic stage. Koeberlin*** recognized the 
general relationships and correctly assigned the magnetite to the very 
closing stages of crystallization. 

The ore has been described in a report by John Birkinbine and 
W. B. Kunhardt*® as consisting of compact, moderately fine 
grained magnetite, in a gangue composed mainly of quartz, horn- 
blende, feldspar, apatite and mica, and more or less pyrite and 
pyrrhotite. 

Hoffman (op. cit.) stated that exploratory work had blocked out 
at least 8,000,000 tons of ore, while a fair examination of the prop- 
erty showed “ not less than three times that amount in the mines.” 

According to N. S. Shaler *®* the deposit is 4000 feet in length, 
75 feet in width, and 1500 feet in depth. On this basis Shaler esti- 
mated 50,000,000 tons of ore, 75 per cent of which is minable! 
Almost as optimistic is the estimate of F. W. Gordon *® who stated 
“extensive workings and explorations show the deposit of ore to be 
one of the greatest in magnitude that has ever been developed in 
America . . . and warrant an estimate of the quantity of ore 
in easy reach to be not less than 30,000,000 tons.” 

These estimates are undoubtedly far in excess of the truth, as the 
really workable ore is not over 10 or 15 feet wide; some of the 
leaner ore could now be recovered by modern methods of magnetic 
concentration, but the optimistic estimates of Hoffman, Shaler and 
Gordon will undoubtedly never be realized. 
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The deposit is of petrographic interest as it differs from the 
others already described in certain details; the magnetite is, in com- 
mon with all the deposits, of very late magmatic stage, but instead 
of replacing Pochuck-Grenville the magnetite of this particular belt 
is closely related to its allied igneous member, the Pochuck syenite, 
and occurs as an end-emanation product in it and actually in part 
replaces some of the minerals of that rock; the “ pneumotectic ” pro- 
cess of Graton and McLaughlin,’®* but a process which the writer 
prefers to think of as deuteric.*® 

The properties have not been worked to any great depth, and 
there is no doubt but that much magnetite remains in the mines 
which might yield good ore to modern magnetic concentrating 
methods. 

The Clover Hill mine. This mine is situated on the extreme 
southwestern end of what is presumably an extension of the Brew- 
ster belt, a little southwest of the village of Croton Falls in West- 
chester county, on the Butler property. There is said to have been 
a magnetic concentrator in operation on this property at one time, 
but the writer has no definite knowledge of it. The workings con- 
sist of open cuts; the ruins of a tramway lead to an old foundation 
(on which a dwelling has been erected), originally a foundation for 
one of the mine houses. The cut, which had been sunk through a 
cover of drift, was full of water at the time of the writer’s visit. 
In the vicinity of the cut a zone of strong magnetic attraction 
nearly 100 feet wide may be traced by means of a dip needle across 
the strike of the ore body; since the ore lies in the same line of 
strike as the Croton magnetic mines, and since it shows the same 
general petrographic behavior and association, it is probable that 
it properly belongs to the same belt, and that it has the same origin. 

The walls of the cut are essentially granite, however, rather than 
syenite ; the rock consists of oligoclase, microcline, orthoclase, quartz, 
with both pyrite and pyrrhotite. The walls have a decided gneissoid 
structure, the streaky habit being in part due to bands of magnetite ; 
the ore apparently grades into the wall rock in a manner precisely 
similar to the ore in the Croton magnetic mines. 

Considerable shearing is in evidence, and a crush-zone dipping at 
a low angle cuts the rock at the south end of the pit, so it is certain 
that the ore body has been more or less disturbed by deformation. 
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The deposit is quite similar to that of the Croton magnetic mines 
in origin, habit, distribution of the magnetite, association and com- 
position. It is probable, however, that undesirable structural con- 
ditions may more or less seriously affect the ore body. 


Isolated Deposits in Putnam County 


The Tilly Foster mine. All that remains of this famous old 
mine is an extremely large brush-grown dump and a pond almost 
600 feet long and about 400 feet wide, which occupies the open cut, 
stated to be more than 600 feet deep. 

This mine once held a leading place among the magnetite mines of 
southeastern New York, contributing about 700,000 tons of ore from 
1864 to 1897. The maximum monthly production was reached in 
1879, at 7000 tons a month. The mine was first operated through a 
shaft and underground drifts; later the cover was removed and the 
mine was operated as an open pit excavation. So many serious acci- 
dents and fatalities occurred through rock falls that operation was 
discontinued in 1897; at that time a depth of 600 feet was reached. 

Mather *"° mentioned this occurrence in his report of 1839, but 
it was not until the publication of Wendt’s*™ paper in 1884 that an 
adequate description of the mine appeared, although Breiden- 
baugh?" first described the rare and unusual minerals associated 
with the ore, which were called to his attention by Prof. O. D. Allen, 
of the Sheffield Scientific School, the year previous. 

Wendt (op. cit.) did not speculate on the origin of the ore, though 
he stated that the Tilly Foster and the Mahopac mines “are quite 
exceptional in their nature. In fact they are the only ones of their 
kind in the Appalachian range, if not in the world.” He described 
the fault which cut the Tilly Foster ore body diagonally, and which 
displaced it about 90 feet (see fig. 12 reproduced from Wendt’s 
paper), and he remarked on the similarity of the Tilly Foster and 
the Mahopac deposits, and the wholly dissimilar character of the 
Croton magnetic mines as compared with the two former. 

Two years later Ruttman?"* presented a very careful and pains- 
taking study of the structural features of the deposit; his paper is 


170 Mather, W. W. 3d Annual Rep’t on the Geology of the First Geo- 
logical District, N. Y., 1830. 

171 Wendt, A. F. The Iron Mines of Putnam County, N. Y. Trans. A. I. 
M. E. 13:478-88. 1884-85. : 

172 Be dc abaueth E. S. On the Minerals Found at the Tilly Foster Mine, 
N. Y. Amer. Jour. Sci. 3d ser. 16:207-13. 1873. : 

173 Ruttman, e S. Notes on the Geology of the Tilly Foster Ore-body, 
Putnam County, N. Y. Trans. A. I. M. E. 15: 79-00. 1886-87. 
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illustrated with many diagrams (one of which is reproduced in 
fig. 12) showing the manner in which the ore body was affected 
on different levels by the fault. 

Ruttman believed the ore to be of sedimentary origin and thought 
its form to be due to the original contour of the “ basin” in which 
the ‘“ ore-sediment ” was deposited. 

Putnam '™ described the condition of the mine and the method of 
working the deposit which obtained prior to 1880, and included in 
his report a diagram showing plan and elevation of the workings. 
He likewise gave rather complete analyses of the ore which are of 
sufficient interest to reproduce. Sample no. 738 was taken from 
the 300-foot level; no. 743 was taken from the cars, representing ore 
from the 110-foot level. These are as follows: 


No. 738 No. 743 

Le Gia Pas. ONS SOR ee Te AEs ee se eg 48.91 49.66 
Sealy tire A 09.3. Groygckeryomndohcoht argc ackak he eee eas 0.548 0.538 
IPNGSPROLUSi crea Rae tio ord xen ieeea heretics Me ioe 0.015 0.007 
SULICHA A BAC TO bc ee OR Se Eee oe eee 12.18 10. 81 
AlUMin ge? ® died ate). chomevaniids < eth tae ras Gere 0.79 Ink 
IMancanOUs Oxide. acc <iae.rctsierie anias bres orienta erences 0.10 0.04 

MEAGRE MR . BEEN) eek CUS SE CR ene 3.10 I.19 
Miaonesiarn.d 25505 ick? ctv cm tied bce eet Saeed re ae ED.72 16.33 
Garbonvdioxides nr, cca estes Gere itt ener eee ne 0.40 0.28 


The striking feature in these analyses is of course the high per- 
centage of magnesia, and the lime, as contrasted with the lower per- 
centage of silica; the combination being of such a nature as to make 
a “self-fluxing”’ ore which was regarded as especially valuable. 

Owing to the dangerous condition of the roof of the mine it was 
decided to uncover it, and this work was begun in 1887, When 
finally uncovered, the mine, as stated previously, was worked as an 
open pit until it was abandoned in 1897. Landis *** described the 
methods employed in operating the mine after the cover had been 
removed, but none of the earlier students of this deposit seemed to 
attach any importance to the unusual minerals in the ore, such as 


a Serena lth oe Census Report, 1880. 

DIS MOCK Ne Gy . Y. State Mus. Bul. 7. 1889. See also McDowell. F. 
H. Trans. ’A. I. M. E. v.17, 1880, and Eng. and Min, Jour. Sept, 7, 1889. ” 
re Landis, E. K. The Tilly Foster Mine Jour, Frank. Inst. v. CL, p. 223~ 
26. 1900. 
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Figure 12 


Plan and cross-section of the Tilly Foster ore-body, showing fault, and dislocation of t 

The plan is reproduced from a paper entitled “The Iron Mines of Putnam County, New York” by A. F. Wendt, in 

The cross section is reproduced from a paper by Ferdinand S. Ruttman, which appeared in Trans. A. I. M. E. v. 15, 1886-87, entitled “ Notes ¢ 
County, New York. 
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chondrodite, ripidolite, brucite, serpentine, spinel and allied types, 
as criteria of origin, until Koeberlin’s*"’ paper appeared in 1909. 
He made a petrographic study of thin sections of the ore, finding 
but four minerals, magnetite, chondrodite, spinel and serpentine, and 
concluded from the character of the ore and associated minerals, and 
the presence of chondrodite-bearing limestone found on the dump, 
that the deposit was of contact-metamorphic origin; “a replacement 
of an interbedded limestone in the gneiss series, due to the influence 
of a nearby igneous intrusion.” 

The writer believes this opinion to be essentially correct. Petro- 
graphic study of material selected from the dump shows that the 
magnetite replaces a previously metamorphosed interbedded crystal- 
line limestone; connected with the ore are still unreplaced remnants 
of colorless pyroxene, both monoclinic and orthorhombic (essen- 
tially diopside and enstatite) ; an almost colorless olivine, chondro- 
dite, light-green spinel, phlogopite, clinochlore and serpentine carry- 
ing very little iron, with magnetite encrcaching upon and cutting all 
these, in end-stage relations (see plate 14, figure 3). The walls of 
the ore body are Pochuck-Grenville; the interbedded limestone has 
entirely disappeared. It no longer exists in actual contact with the 
ore, but is found in unreplaced remnants within the ore. Thus the 
ore body of the Tilly Foster belongs to the “ contact-replacement ” 
type, to which also belong the ore bodies of the O’Neill, the Forshee, 
the Red-back, the Standish, the Croft, the Todd and the Mahopac 
mines ; some of these, however, are not such characteristic members of 
this group, as they appear to have been formed by the magmatic re- 
placement of strongly calcareous phases of the Grenville, rather than 
by the “ contact-replacement ” of actual interbedded limestone; but 
they may be properly placed in the group as distinguished from the 
ore bodies of the Lake, Forest of Dean, and like types, for example, 
in which there is no indication, or but slight indication, of contact- 
metamorphic minerals similar to those enumerated above, and where 
the replaced Grenville was apparently much less strongly calcareous. 

There is no reason to suppose that the ore in this mine was 
wholly exhausted when operations ceased, nor that the ore bodies of 
this mine, and the Mahopac, of like type, were definitely outlined 
and delimited at the time of their exploitation. 


117 Koeberlin, F. R. The Brewster Iron-bearing District of New York. 
Econ. Geol. 4: 713-54. 1909. 
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Considering the strength of the mineralizing action and the char- 
acter of the deposits, it is not unreasonable to assume that a. possi- 
bility exists that additional ore may be found in connection with 
both these old mines. 

The Mahopac mine. During the autumn of 1879 and the spring 
of 1880 active explorations were started by the Lake Mahopac Iron 
Company near German Flats, Carmel township. The mine, which 
was subsequently developed, was called the Hill mine, the German 
Flats mine, and ultimately the Mahopac mine; because of the excel- 
lence of the ore, which in origin and in composition closely resembled 
the ore in the Tilly Foster mine, operations were actively prosecuted 
and considerable ore was mined for about 15 years, the shipments at 
one time averaging 6000 tons a month. About 1895, however, a 
fault was encountered which cut off the ore body, and efforts to 
locate the faulted-off portion of the ore were not successful. In 
order to maintain some necessary shipments some of the ore left in 
the mine as supporting pillars was removed, and the roof collapsed 
endangering the lives of the men who were working there at the 
time, some of whom barely escaped. All that is now visible of the 
mine is a small pond occupying the caved portion. 

The ore body of this mine was peculiar in that four “ beds”’ were 
found within a thickness of 90 feet from wall to wall. The “ beds” 
were very irregular and of varying thickness, and in places they 
coalesced into two, and again into one “bed ” (see fig. 13). 

These “beds” of ore were from 10 to 50 feet wide, and because 
of their structural habit and the intervening rock it was unnecessary 
to mine the whole width of the ore body, so that practically all the 
rock between the footwall and hanging wall was left in place, 
answering admirably as pillars for the support of the roof 7". 

When operations ceased the main slope of the mine was 1200 feet 
long on the incline, and there were two additional shorter slopes 
from which drifts were run each way into the ore. 

A complete analysis of an average sample from 12,000 tons of 
ore is given by Wendt (op. cit.) which is of sufficient interest to 
reproduce since the chemical character of the ore is thus shown, 
and a comparison with the Tilly Foster is made possible. The 
analysis is as follows: 


178 Wendt, A. F. The Iron Mines of Putnam County, N. Y. 
M. E. 13: 478-88. 1884-8s. : riod mae 
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Figure 13 
Map of the Mahopac mine, modified by the writer. 


The “ore-beds” have been superposed on the map, from separate drawings. Cross sections along lines A, B, and C, are likewis 
furnished by the Ramapo Ore Company. The supposed fault cut off the ore at the right. Exploratory work is showr 
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This is a remarkable composition; according to Wendt (op. cit.) 
the ore was absolutely self-fluxing, the only additional material 
which was necessary to add to the burden of the furnace being a 
little lime, in order to flux the ash in the fuel. 

Not only does the ore in the Mahopac mine bear a striking 
resemblance to that in the Tilly Foster in chemical composition ; the 
petrographic resemblance is equally as striking. 

Samples of material from the old dump carry chondrodite, 
clinohumite, clinochlore, phlogopitic colorless mica, carbonate, 
serpentine and magnetite in end-stage relations cutting, corroding 
and replacing all the other minerals (see plate 9, figure 1). 

Like the Tilly Foster, the ore is clearly the result of the replace- 
ment by magmatic end-stage processes of an interbedded limestone 
in the Pochuck-Grenville. 

Coarse white granite (Pochuck granite) outcrops a little to the 
southeast of the old boiler house; the strike here is approximately 
north 57° east. Several hundred feet to the east and near the road, 
an outcrop of granitized Pochuck-Grenville strikes north 63° east, 
and dips 35° southeast. East of the Kent Cliff road, just at the 
edge of the western margin of the little valley which is occupied by 
the little creek that flows into Kirk lake the strike shifts to north 
25° east, and the dip has steepened to 90°; and about one-fourth of 
a mile north, on the west side of the road, an outcrop of Pochuck- 
Grenville dips toward the northwest at a low angle, thus giving the 
impression that here likewise an obscure inherited fold controls in 
part the attitude of the ore body. 

Although no limestone can be found in the immediate vicinity of 
the mine, and notwithstanding the fact that the walls of the ore 
body are Pochuck-Grenville, more or less modified, the presence of 
the peculiar and typical contact minerals previously enumerated, 
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mixed with and replaced by the ore, present strong evidence of the 
replacement of an interbedded, irregular lens or streak of crystalline 
limestone. 

There are, roughly estimated, some 7000 tons of rock on the dump ; 
much of it is magnetiferous and could be readily concentrated by 
magnetic methods, so that possibly 2000 tons of magnetite might be 
recovered. 

Two or 3 years ago an unsuccessful attempt was made to locate 
the faulted-off portion of the ore (see fig. 13). Three diamond 
drill holes were put down at various angles without encountering 
the ore, and the work was then abandoned; since that time nothing 
further has been done. The writer believes that a properly directed 
drilling campaign would prove successful in locating the faulted 
body, and in view of the quality of the ore, such exploratory work 
would seem to be justified. 
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Fig. 1 Pochuck pyroxenite forming part of the footwall of a small open 
cut at the Clove mine, Orange county. Taken in polarized light, nicols 
crossed magnification 35 diameters. The rock is made up of a colorless 
monoclinic pyroxene, essentially diopside, a monoclinic hypersthene (“ clino- 
hypersthene”), a little hornblende, and magnetite distributed both inter- 
stitially and cutting the silicates as well, showing its magmatic end-stage 
relationship. The black areas are magnetite. 


Fig. 2 Pochuck pyroxenite extensively modified. From an old dump, 
Clove mine. All of the ferromagnesians have been wholly changed by 
magmatic end-stage processes to fine flaky talc, spherulitic chlorite, serpentine, 
phlogopitic mica, and dendritic magnetite (the black, branching material). 
Solid black is earlier end-stage magnetite. Light polarized, nicols crossed, 
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Plate 1 


Plate 2 


> Illustrating’ varietal. phases of the Pochuck 
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Fig. 1 Pochuck, syenitic facies. Forming in part the footwall, Tower 
mine. The light minerals are alkalic feldspars. The darker ones are green 
pyroxene, somewhat altered. Ordinary light, X 35. 


Fig. 2 Pochuck-Grenville. At base of hill along railroad track, Forest of 
Dean mine. Essentially Grenville, soaked with quartz-syenite. The black 
areas are component minerals at the position of extinction, and not magnetite. 
The rock carries a colorless, monoclinic pyroxene, plagioclase ranging from 
oligoclase to andesine, alkalic feldspars of perthitic make-up, titanite, a little 
hornblende, ilmenite, and quartz. Light polarized, nicols crossed, X 35. 


Fig. 3. Pochuck, dioritic facies. The hanging-wall side of the horse, Forest 
of Dean mine. The so-called “dike,” which cuts the ore body, runs from 
this horse into the hanging wall, and is the same type. A diorite pegmatite, 
containing much plagioclase ranging from oligoclase to andesine, with little 
ferromagnesians, now altered. The feldspars are somewhat sericitized and 
carbonated, and in places epidotized; ferromagnesians changed to epidote, 
chlorite and granular magnetite. Quartz occurs in end-stage relationship 
with magnetite. These alterations are due to end-stage magmatic emana- 
tions, the ultimate expression of which may be seen as quartz (along the 
margins of the feldspars) with magnetite (black; cutting the silicates). 
Light polarized, nicols crossed, X 35. 


Fig. 4 Pochuck-Granite. Part of footwall, Clove mine. Chiefly quartz, 
carrying partially digested, corroded and altered remnants of Pochuck-Gren- 
ville in the form of badly sericitized plagioclase and altered pyroxene rem- 
nants. Believed to have been produced as an extreme end-product, essentially 
an aqueo-igneous solution, derived from the last-rejected mother liquor of the 


magnetites. See also plate 7. 
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Illustrating varietal phases of the Pochuck 
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Fig. 1 Dioritic and syenitic pegmatite, intimately related. Stewart (or 
Sunk) mine. , 


Fig. 2 Pochuck granite cutting Pochuck-Grenville, Denny mine. Associated 
with this are occasional small dikes of magnetite. The Pochuck granite is 
believed to represent the extreme end-phase product of the Pochuck magma. 
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Figs. 1-2-3 and 4 show increasing intensity of granitization; Forest of 
Dean mine. All taken in polarized light, nicols crossed, X 35. 


Fig. 1 Pochuck-Grenville from the footwall side of the horse; no graniti- 
zation is exhibited. 


Fig. 2 slighty granitized Pochuck-Grenville, representing the footwall at 
ore contact, 4100 foot level. The pyroxenes have been attacked. 


Fig. 3 strongly granitized Pochuck-Grenville, from a drift on the 2000 foot 
level, 45 feet from the footwall ore contact. 


Fig. 4 “the Pochuck granite,’ with remnants of modified pyroxene, and 
plagioclase belonging to the Pochuck-Grenville, and partially absorbed 
xenolithic blocks of the same formation. “ Granitization” was accomplished 
by the extreme end-phase product (quartz) of mineralization; that is, by the 
“mother liquor” left after the greater part of the magnetite had replaced 
the rock body by deuteric processes. It is conceivable that some of the 
quartz may have been derived from the magmatic replacement and destruc- 
tion of the rock. 
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Illustrating the granites 
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The Granites. Light polarized, nicols crossed, and magnification 35 diame- 
ters in each case. 


Fig. 1 is the youngest of the Precambrian intrusive granites; the Storm 
King granite. The feldspars are microperthite, microcline-microperthite, soda- 
bearing orthoclase and very subordinate alkalic plagioclase. The ferromag- 
nesian mineral is hornbende; and a very sparingly distributed but still fairly 
constant and somewhat unusual accessory is allanite. Quartz is fairly 
abundant. 


Fig. 2 represents the Canada Hill type granite. This granite is intrusive 
into granitized Pochuck-Grenville, northeast of Lake Mombasha and about two 
and one-half miles south of Monroe. A pinkish, moderately coarse granite 
carrying about 30% quartz, 40% microcline, subordinate orthoclase, and occa- 
sional small scattered areas of quartz and orthoclase in graphic intergrowth. 


Fig. 3 represents a marginal syntectic. This occurs at Round pond, about 
one and one-half miles southwest of Monroe. It is related to the granite 
of fig. 2 (Canada Hill type), and is essentially a mixed type. The speckly 
and veined areas are heavily sericitized, veined and altered portions of earlier 
Pochuck-Grenville, incompletely absorbed in the Canada Hill type magma. 


Fig. 4 is the extreme end-phase product of the Pochuck magma; the acid 
differentiate, following the magnetite, and in, its purer phases forming por- 
tions of the walls of the ore bodies (see plates 2 and 3, fig. 4). Much more 
extensively distributed than usually supposed, and involved with the Pochuck- 
Grenville, so that the feldspars are always plagioclase, ranging from oligoclase 
to andesine, usually sericitized, altered and more or less attacked. Referred 
by the writer to Pochuck time and called the Pochuck granite. 

Much of the granitization of the Pochuck-Grenville is due to this granite. 
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The extreme end-products of selective crystallization (“mother liquor”) are 
frequently rich in quartz, in the elements that form soda-feldspar, in water 
vapor, dissolved gases and other mineralizers. 

Concentrated during selective freezing, these products may be distributed 
interstitially; they are generally not in equilibrium with the previously solidi- 
fied minerals of the parent rock and they attack these minerals, forming new 
minerals better adjusted to the existing conditions. When such processes 
are oes mineralization, sometimes of economic importance, frequently 
results. 


Fig. 1 “ Deuterized” granite. The interstitial matter here is quartz and 
albite; albite attacked the potash-bearing feldspar along the margins and 
has injected it in wavy stringers. The pyroxene of this rock has likewise 
been attacked, the products being tale and serpentine. 


Figs. 2 and 3. Ore from the Canopus mine. In fig. 2, the feldspar has 
been affected by end-stage product, (deuteric action) injected with albite 
(white streaks) and partly sericitized. In fig. 3 the feldspar has been almost 
wholly sericitized. This action was intimately connected with mineralization ; 
the magnetite (black) is replacing the rock by these magmatic end-stage 
processes, 


Fig. 4 Epidote gneiss (granitized Pochuck-Grenville) in the vicinity of the 
Canopus mine, illustrating injection effects on the country rock. All taken 
in polarized light, nicols crossed: fig. 1 magnified 35 diameters, figs. 2, 3 and 
4 magnified 65 diameters. 
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Plate 7 
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Fig. 1 Ore from the Lake mine, 2500 foot level. Thin section, light 
polarized, nicols crossed, X 35. 

Remnants of unreplaced rock (Pochuck-Grenville), consisting of pyroxene, 
hornblende, (both affected by serpentinization and carbonation), feldspar and 
quartz. The black area is magnetite. 


Fig. 2 Ore from the Canopus mine. Thin section, light polarized, nicols 
crossed, X 35. Magnetite (black) replacing Pochuck-Grenville. Extensive 
sericitization of the feldspars accompanies the replacement here, and even 
the quartz exhibits replacement aureoles. 


Fig. 3. Rock included in and surrounded by the ore, sixth level, Forest 
of Dean mine. Pochuck-Grenville, in part replaced by magnetite (black). 
Light polarized, nicols crossed, X 35. Note the replacement aureoles of seri- 
cite surrounding both quartz and feldspar remnants. Dark gray to grayish- 
black areas are quartz and feldspar. 


Fig. 4 Roof pendant in east lobe of ore body, Forest of Dean mine. 
Modified Pochuck-Grenville, which in part has been replaced by magnetite 
(black). Light polarized, nicols crossed, X 35. Rock is composed of color- 
less pyroxene, feldspars ranging from alkali perthites to moderately basic 
plagioclase, biotite and quartz of the Pochuck-Grenville, soaked with syenitic 
facies of Pochuck (note marginal relations) and invaded by dioritic 
pegmatite. 
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The ores and their associated rocks have in some cases been deformed by 
stresses which have resulted in faulting, both of Appalachian and of Triassic 
block types. In a few of the mines the ore bodies have been more or less 
seriously affected by such movements. 


Fig. 1 Deformation exhibited by step-faulting and crushing. Hanging 
wall in small pit, Bull mine. The rock is Pochuck-Grenville, consisting of 
hornblende, plagioclase ranging from oligoclase to andesine, subordinate 
crthoclase and a little quartz. Light polarized, nicols crossed, X 35. 


Fig. 2 Represents a crush-zone in the Bull mine. Syenitic facies of 
Pochuck. The feldspar is alkalic, and the ferromagnesian mineral is a green 
pyroxene. The dark area is a mixture of crushed pyroxene, crushed 
magnetite and fragments of feldspar. Ordinary light, X 35. 


Fig. 3. Crush zone between main ore body and hanging wall, Canopus 
mine. Quartz, showing strain shadows, and crushed and sericitized feldspar. 
A post-ore shear zone. The ore body has likewise been severely affected. 
Polarized light, nicols crossed, X 35. 


Fig. 4 Primary deformation, or protoclastic structure; rock from Theall 
tunnel, Croton Magnetic mine. Granulation of the margins of the grains, 
bent grains, wedge twins and strain effects are due to movement before com- 
plete solidification was effected. The magnetite here is interstitially dis- 
tributed, replacing in part and cutting the ferromagnesian minerals, and the 
feldspars. The rock is a syenite, and is judged to be related to the syenitic 
facies of the Pochuck. Light polarized, nicols crossed, X 35. 
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Fig. 1 Rock from dump, Mahopac mine; light polarized, nicols crossed, 
magnification 65 diameters. 

Showing chondrodite (light gray, patchy area), clinochlore, (white to dark 
gray, twinned crystals) phlogopite (resembles the clinochlore in the photo- 
micrograph) and magnetite (black). 


The result of the complete reorganization and silication of an interbedded 
Grenville limestone by contact action. 


Fig. 2 Rock from the “slip-zone,”’ 2500 foot level, Lake mine. Light 
polarized, nicols crossed, magnification 35 diameters. Actinolite, with roughly 
parallel arrangement, and feldspar, with a little magnetite, epidote and titanite. 
Step-faulted, but all weaknesses thoroughly healed. Judged to be a pegma- 
tized amphibolite, related to Pochuck-Grenville. The “slip-zone” is a Pre- 
cambrian fault-zone, “ post-rolls” and “pre-ore” in time relation. 


Fig. 3 Foot wall, Lake mine, 3100 feet down the slope. Light polarized, 
nicols crossed, magnification 35 diameters. Granitized Pochuck-Grenville, 
with strongly foliated structure. Essentially a Grenville schist which has 
been thoroughly soaked with the dioritic facies of the Pochuck magma, and 
granitized by lit-par-lit injections, retaining the schistose habit of the original. 
Now a grano-diorite in its general composition. It carries a pinkish pleo- 
chroic monoclinic pyroxene (clino-hypersthene), a green pyroxene, like 
coccolite, much biotite, plagioclase of andesine composition, a little alkalic 
feldspar, quartz, a little magnetite and apatite related to the injection or 
soaking period. 


Fig. 4 A garnet-bearing rock from the Lake mine, specimen taken from 
the dump. Ordinary light, X 35 diameters. Garnet (rough, speckly gray), 
green pyrozene (rough, with cleavage) and magnetite (black). 

The green pyroxene resembles coccolite, and the general make-up of the 
rock suggests a metamorphic, rather than an igneous origin. 
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Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 


Ore from breast of incline, Tower mine 

Ore from lower Shaft-Standish mine. 

Ore from 3700 foot level Forest of Dean mine. 
Ore from Bull mine. 


Ordinary light, X 35. Magnetite (black areas) is replacing Pochuck- 
Grenville in the Tower (fig. 1), Forest of Dean (fig. 3) and Bull (fig. 4). 


The rough grayish mineral in fig. 2 (Standish mine) is garnet, mixed 
with calcite, and the white clear areas are quartz. Evidently a more or less 
calcareous phase of the Grenville has been replaced in the Standish ore. The 
nonmetallic areas shown in fig. 4 (Bull) are remnants of green pyroxene. 
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Plate 10 


Plate 11 


Illustrating character of ores as shown by photomicrographs taken in 
reflected light from polished stete 
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Photomicrographs of poltshed and unetched (excepting fig. 3) slabs of some 
of the ores; taken more especially to illustrate the pitted character of the 
magnetite, and the remnants of still unreplaced silicate minerals. Fig. 1 is 
ore from the Forest of Dean mine, fig. 2 ore from the Scott mine, fig. 4 
ore from the Clove mine and fig. 5 ore from the Lake mine. The silicates 
in figs. 1, 2 and 4 are represented by the corroded, gray, smoother patches. 
The pits by the black lines, specks and small patches; the magnetite in all 
cases is white (direct reflected light). The “pits’’ in many cases are seri- 
citized remnants of former silicates. Fig. 3 is a polished slab of ore from the 
Canopus mine, etched with hydrochloric acid, which has attacked the mag- 
netite (rough, speckly gray), but which has not etched the ilmenite (narrow 
white bands). In this mine ilmenite occurs in platelike form, distributed 
through the magnetite. Magnifications in all cases 35 diameters. 
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Figs. 1 and 2 Rolls, at the Lake mine. 

These are minor crumplings or corrugations with variable axial strikes, due 
to cross-folding believed to have occurred during the intrusion of the 
Pochuck magma and induced by that intrusion. 

They are more prominent in the emerging parabola-shaped ends of pitching 
synclines. The larger synclinal structures (not rolls) and the associated anti- 
clines, are believed to be inherited from the previously folded and metamor- 
phosed Grenville strata. 

The rolls here shown were formerly covered with magnetite which out- 
cropped on the north slope of the hill. The ore was stripped from the sur- 
face when the Sterling and Lake mines were first discovered, and was sub- 
sequently followed under the lake in the present workings. 
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The Old Sterling furnace 
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Fig. 1 All that remains of the original Sterling furnace (background). 
The memorial tablet, erected by the Daughters of the Revolution, in fore- 
ground. 


Fig. 2 The inscription on the memorial tablet. This is as follows: 

“This tablet was erected by the Daughters of the Revolution, State 
of New York, June 23, 1906, to commemorate the ruins of Sterling 
furnace which was built on this spot. in 1751; this furnace is believed 
to have been the first place in the State of New York in which iron 
and steel were manufactured in quantity. 

“From the iron here produced was manufactured in 1778, by Peter 
Townsend, the great chain put across the Hudson river near West Point 
to impede the progress of the British warships up the river; and the 
first anchor made in New York State was here manufactured in T7735: 
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Plate 13 


Plate 14 


Illustrating silication products 


Fig. 1 Silicated rock, O’Neill mine. Ordinary light, X 35. 

Lime-garnet (rough, gray) spinel, phlogopite (smooth, light gray with 
cleavage) and magnetite (black). The rock contains glaucophane in abund- 
ance, also. This rock represents the silication of either a richly calcareous 
phase of the Grenville or an interbedded limestone. 

Fig. 2 Mineralization of the silicated rock, O’Neill mine. Magnetite 
(black) is replacing glaucophane (rough, gray). Ordinary light, X 35. 

Fig. 3 Silicated limestone from dump at Tilly Foster mine. Ordinary 
light, X 35. 

The rough darker gray, fractured mineral is diopside, the rough, fractured 
lighter gray mineral is olivine, and the smoother gray areas, some strongly 
twinned, are carbonate. 

Other minerals typical of contact types occur, such as chondrodite, spinel, 
clinochlore and tourmaline. 


Fig. 4 Hanging wall, Croft mine. Ordinary light, X 65. A “ contact- 
assimilation” product. Interbedded limestone, invaded by syenitic facies of 
Pochuck, pegmatitic variety. Lime-iron garnet is shown in rough, dark-gray 
grains, quartz in light-gray, smooth grains almost free from inclusions, and 
wernerite, in light-gray grains crowded with inclusions. 
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Fig. 1 Pratt mine, Phillips belt. Looking northeast along the cut; now 
caved and more or less filled. The hanging wall (right) is almost vertical, 
with a gneissoid structure pitching northeast at 45 degrees. 


Fig. 2 One of the openings at the Denny mine, Phillips belt. Shaft at 
end, now filled with water. 
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